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| OF THE 
NATURE AND PROPERTIES 
OF 
WATER. , 
— — — 
LECTURE XIII. 


Tux study of nature is as much distinguished from 
other subjects by the importance of its matter, as by 
the variety of its topics. But amidst all this variety, 
the true philosopher is interested by the objects, only 
in proportion to the indication they afford of design 
and providence in the; government of the world. 
This consoling testimony you will find spread abun- 
dantly over the face of nature; it is every where 
distributed into masses and portions, according to 
the nature of the subject. Every object we meet 
with, great or small, bears the stamp of an All- per- 
fect, Creator, is a mark of his wisdom, a monument 
of his power, and a proof of his goodness: many in- 
stances of the order, beauty, harmony, and propor- 
tion, in the works of nature, have been exhibited in 
the foregoing Lectures. The subjects that 1 am 

vol. 11, A 


* 


8 NATURE AND PROPERTIES 


about to treat of in this Lecture will furnish us with 
more. As you advance in the knowledge of na- 
ture's varieties, your mind will be opened, and you 
will find fresh ornament in truth, fresh dignity in 
devotion, and fresh reason in religion. 

From treating of air and fire, I now proceed to 
consider the nature of water, whose wonderful 
perties are alone an abundant source of knowledge. 
It is a substance that in a certain degree of heat is 
fluid, in a less it is solid, and with a greater de 
1s convertible into an elastic vapour of incredible 
force. It is capable of dissolving all kinds of salts, 
of absorbing and detaining in its substance the air of 
the atmosphere, of being elevated and suspended in 
immense quantities in the regions thereof. In the 
general economy of nature, water promotes solution, 
separation, association, and subsidence. It is a sub- 
stance which enters into so many operations both of 
nature and art, that to give you a fall description of 
its properties would include those of most other sub- 
stances. | 

Its weight is used as the measure of specific gra- 
vity.* Its temperature at the changes from solidity to 
fluidity, and from thence to the elastic state, are 
taken for the fixed points of thermometer s. 

Water constitutes not only the prineipal part of 
blood, milk, wine, oil, and other fluids, but also 
enters in a large proportion into the constitution of 
the solid parts of all animal, vegetable, and of many 
mineral substances. n k by 
© Water serves to the art and navigation of man, as 
air serves to the wings of the feathered species. It 


is the easy and speedy medium, the ready conduet 


and conveyance, whereby all redundancies are car- 
ried off, and all wants supplied. It makes man as it 
were a denizen of every country on the globe. Tt 
fi sed. Jas | t ef 


A cubic foot weighing 1000 ounces avoirdupois. Epir. 
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of each clime to all. 


chortens every distance, and ties the remotest re- 


ons together. It carries and communicates the 
Ried , the virtues, the manufactures and arts 
It gives springs to industry, 

energy to invention. e d er 
or THE COMPOSITION AND DECQMPOSITION OF 
E AA n 1 


71177 14 , : 


Vntil very lately this fluid has been always con- 
sidered as a simple substance. The experiments of 
M. Lavoisier, which I have related to you in a for- 


Ll 
« 


mer Lecture, has induced many to consider it as a 


compound, consisting of inflammable and vital airs: 
in other words, that the whole mass of any quantity 
of water may be converted into inflammable and 
vital air: and that the combustion of these airs pro- 
duces a volume of water proportioned to the weight 
of the airs employed in the experiment. Though I 
have already shewn you, that the experiments of 
M. Lavoisier and the French chemists by no means 
warrant the deductions they have made from them, 
yet as they have made these experiments the basis of 
a new system of chemistry, and have invented and 
appropriated a new set of terms in order to propagate 
it more readily, it will be necessary in this 42 
ther to investigate the 'subject. 

That their experiments do not authorize their con- 
elusion, appears from this, that when vital and in- 
flammable airs are decomposed by heat, we find, 
both from the experiments of Dr. Priestley and the 
French chemists, that the nitrous acid is always 
formed; and that though this acid has been said to 
come from the phlogisticated air, which could not 
be wholly excluded in the process, there are several 


Pr. Pricctly's' Observations and Experiments on-air: - Keir's 


A2 


4 COMPOSITION Ax D DECOMPOSITION 


considerations that prove the acid could not have 
this source; the more so, as this process does not at 
all decompose, or in the imallest degree affect phlo- 
gisticated air. . 

In whatever manner, says Dr. Priestley, vital and 
inflammable air be made to unite, some acid is pro- 
duced, and in no case pure water. If iron, contain- 
ing phlogiston, be heated in vital air; or it precipi- 
tate per se, containing vital air, be heated in inflam- 
able air, fixed-air is always formed; whereas, accord- 
ing to the modern hypothesis, water ought only to 
be produced in both cases. 

Water, they assert, is always decomposed when 
it is made to pass over red-hot iron; the iron, ac- 

cording to their opinion, imbibing the acidifying 
; principle, the remainder goes off in inflammable air. 
| Now it is unfortunate for this hypothesis, that no 
substances will answer for this experiment, except 
such as have always been considered as containing 
phlogiston. It is therefore most probable to sup- 
pose, that the inflammable air is formed by the phlo—- 
giston from these substances, water being the base; 
and that if any part of the substance remain and ac- 
quire weight, it receives that additional en from 
water on 
That . is an element of water seems pro- 
bable, Ist, because water conducts electricity like 
[ metals and charcoal, into which the same principle 
N enters; and, 2dly, * when fresh distilled, it at- 
| tracts vital air from the atmosphere, which is = 
, a property of other bodies containing phlogiston. 
this sense it may be said to contain both the 4. 
| ples of the new theory, though it is a sense that en- 
1 tirely overthrows that theory. 
| Without however entering more minutely into 
this investigation, it is sufficient to observe, that the 
| formation of nitrous acid from the combustion of in- 
4 flammable.and vital airs, clearly proyes, that water 
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: OF WATER. 38 
is not a compound of these airs; or that it is only so, 


e 
at in a certain proportion of these ingredients, while 
o- another proportion yields nitrous acid; 


For by admitting the ſormation of the nitrous acid 
ſrom the same fluids, — ego for the composi- 
tion of water drawn from the complete substitution 


J- 

1- of an equal weight of water to that of the airs which 
i- disappear by combustion, no longer exists; and as 
1- the appearance of a large — — water in these 
1- experiments is readily explained from the precipita- 
to tion of the water which is known to be suspended in 


these elastic fluids, or which even make a necessary 
part of their composition, no fact remains on which 
the hypothesis of the formation of water from any 
proportion of inflammable or vital air is grounded. 
The fundamental experiment of this doctrine, 
namely, the equal substitution of water, and nothing 


10 

pt but water, to the airs which disappear, being re- 
g moved, the structure with all its ornaments must fall, 
_ and no- other yestige will remain but the ingenuity 
OJ * | ; 3D 


and skill of the artist. 


or WATER IN A-PLUID STATE,” 
Water is donsidered as a pellucid, colourless fluid, 
tasteless, and without smell, nearly incompressible, 
and elastic only in a small degree. It adheres to the 


le substance of most bodies, but penetrates and incor- 
ts porates with a still greater number. It extinguishes 
80 flame. It is capable of passing through various 
In states of aggregation, from the solidity &* ice to. the 
1 tenuity of vapour. : Maes! | 


Many have considered ice as the natural state of 
water, and the fluidity thereof as a state of violence, 
or as ice kept in continual fusion, and returning to 
its former state, when deprived of a certain quantity 
of fire, Were you to define. lead and water, you 
would call one a solid, the other a fluid, esteeming 


6 OF WATER IN 


theye their nutural conditions. Let if water be not 
acted Rayon combined with a certain quantity of 
fire, it mes a solid. We call chat state natural 
which falls immediately under our observation. If 
we bad lived in Saturn, we should have given but 
one name to ice and water, although we might now 
and then have teen it liquiſied in summer; and, on 
the other hand, had we been botn in Metoury, we 
should have deemed lead a fluid; 

The particles of water, though moveable amongot 
themgelves with the greatest ease, yet adhere toge- 
ther with a certain foree; thus a drop of water re- 
mains suspended at the end of the finger, although 
the inferior particles only touch particles of the same 
fluid. This — of the particles prevents 
small needles, or very thin plates of metal from sink- 
ing therein, as they resist division more than the ex- 
cess of the specific gravity of mes nner _ a Fe- 
lative volume of water. 

1 a oy emal 


Water can only be 

3 so small that it ma ayin go general be considered 
as incompressible, as will be evident to you by con- 
sidering the Florentine experiment which I have 
already mentioned to you. That it is, however, 
compressible in a small degree may be proved by an 
easy experiment: put water into a bottle with: 1 
stem nicely graduated, observe the de res at which 
it stands, and place the bottle under the receiver of 
an air-pump, and exhaust the air . — when 
the pressure of | twat 1s om re the fluid will rise 
Sh 73: 

Me have no fluid more cubtile and penetrating 
than water, except fire; it enters into the minutest 
particles arid pores of matter, the finest vessels of 
animals, and the smallest tubes of plants, and will 
pierce through substances which will detain air itself. 
This penetrative power of water, together with its 


sfmoothness and lubricity, renders it a fit vehicle 
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 A' FLUID STATE. 


for the easy conveyance of the nutritious matter of 
all bodies. ee eee ft e 
It enters into the composition of all the sub- 
standes belonging to our earth. There is — ü 
no substance, whether animal, vegetable, or mineral, 
without it. Every being with life, in a great de- 
gree lives by it; and whatever grows, through it re- 
ceives its growth; and wherever it enters, accord- 
ing to the economy of Providence, it promotes and 


sustains life, preserving all material nature in their 


proper classes of existence. It bears a part in the 
formation and decomposition of all the mineral king 
dom. It is necessary to the free exercise of the 
functions of the animal body, and hastens and faci- 
litates the destruction of both vegetables and ani- 
mals as soon as they are deprived of liſe. But 
whether you consider it as productive of health to 
animals and vegetables, as requisite to the beanty 
and existence of the earth, or as one of the 

by which God works in the sustentation and 
action of the whole universe; you cannot but ad- 
mire the sublime propriety with which, as a sensible 
image, it is used in the sacred scriptures, to represent 
divine truth, and the holy influence of our God and 
Saviour. 4 eee 


PRESENCE OF WATER IN THE ATMOSPHERE, 


So great is the necessity, use, and importance of 
this fluid in all things, that some ancient philosophers 
were impressed with a notion of its being the first 
principle of universal life. It seems to be universally 


_ diffused; and it will be easy to convince you of the 


great quantity contained in the air. Yow may be 
said to walk in an ocean; the water indeed of this 
ocean does not become the object of our senses, we 
cannot see it, nor, whilst it continues thus sustained 


in the air, do we ſeel that it wets us; but it is still 


8 PRESENCE OF WATER 


water, though it is neither visible nor tangible; just 
as sugar, when dissolved in water, is still sugar, 
though we can neither see it, nor feel it. Some are 

led to find water enough to ſorm an universal 
deluge;* to assist their endeavours it may be re- 
marked, that were the whole precipitated which is 
contained in the air, it might probably be sufficient 
to cover the surface of the whole earth to the depth 
of above thirty feet. If a bottle of wine be taken 
| out of a cool cellar in the hottest and driest day of 
1 | summer, its surface will soon be covered with a thick 
"tt vapour, which when tasted appears to be water. 
115 This watery vapour cannot proceed from any exuda- 
| | tion of the wine through the pores of the bottle, for 
| | the glass is impervious to water, and the bottle re- 
| mains full, and when wiped dry it is. found to weigh 
as much. as when taken out of the cellar. The same 
| 


P 
a 


appearance is observable on the outside of a silver, or 
* any other metallic vessel, in which iced water is 
| put in the summer time; and it is certain, that the 
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water which is condensed on the surface of the ves- 


-- 


| sel does not proceed merely from the moisture ex- 
1 haled by the breathing of the people in the room, 


where you may notice the experiment, because the 
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'\_- same effect will take place if the vessel be put in the 
5 open air. Water which is cooled by the solution of 
5 any salt, or even spring- water which happens to be 
a few degrees colder than the air, produces a similar 
condensation of vapour on the outside of the vessel 
in which it is contained. These, and other appear- 
ances of the same kind, are to be explained on the 
same principle. When warm air becomes conti- 
guous to the outward surface of a vessel containing 
cold liquor, the fire by which the water is suspended 
in the air, quits and passes through the vessel into 
the liquor, to restore it to the temperature of the 
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IN THE ATMOSPHERE. 9 


and the water ceasing to be suspended in the 
air, attaches itself to the surface of the cold vessel. 
Another method of proving the existence of water 
in the clearest air, is to observe the increase of weight, 
which certain bodies acquire by exposure to the open 
air. Dr. Watson, Bishop of Landaff, put into the open 
air eight ounces of salt of tartar, which had been well 
dried on a hot iron; the day was without a cloud, 
the barometer at thirty inches. In the L of three 
hours, from eleven, to two in the the afternoon, the 
salt had increased two ounces. in weight: in the 
course of a few days its weight had increased to 
twenty ounces; it was then quite fluid, and being 
distilled, it yielded a pure water, equal in weight 
nearly to the increase it had acquired from the air. 
Strong acid of vitriol is another body which absorbs 
humidity strongly from the air, An ounce of this 
acid has been observed to gain in twelve months 
above six times its ow]n weight. 
The increase of weight experienced by the human 
body, in many cases from the water which the pores 
of the body suck in from the air, is another very 
sensible proof of the great quantity of water sus- 
pended in the air. The Bishop of Landaff mentions, 
among many instances, one of a lad at Newmarket, 
a few years ago, who, having been almost starved, in 
order that he might be reduced to a proper weight 
for riding a match, was weighed at nine o'clock in 
the morning, and again at ten, and was. found -to 
have gained, near thirty. ounces in weight in the 
course of the hour, though he had drank only half a 
glass of wine in the interval. The wine probably 
stimulated the action of the nervous system, and 
incited nature, exhausted by abstinence, to open the 
absorbent pores of the whole body, in order to suck 
in some nourishment from the air. It is well known, 
that persons who go into a warm bath, come out se- 
veral ounces heavier than they went in, their bodies 
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having imbibed a crrespondent quantity of water, 
Part of the utility bf medicated vapour-baths depends 
on this principle of imbibition by the pores. 

There is a irtumstance of importance concerning 


the human frame, which seems to have escaped the 


attention of most physiologists, namely, the nature 
of animal moisture, and the means by which uit is 
supported and kept up. I have shewn you in this 
Lecture what a quantity of moisture the human 
frame will take from the air; and this might have 
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and drink; and you will be led to think that the 
eater part is received from the atmosphere, and 
that it is probable that the human frame has a power 
of decomposing some of the aerial fluids which 
333 in the atmosphere, and procuring water from 
em. p | ; TI's : dfg.* J 
The considerations alluded to above, are, that the 
fluids constitute more than half the bulk and matter 
of the animal frame; that the basis of these fluids is 
water; that they have a strong vaporific tendency, 
and are. continually heated to 96 degrees; that a 
vast surface is exposed to the drying power of the 
air, not only the whole external surface, but that 
also of the lungs; and that every vital fibre and par- 
ticle is not only exposed to this heat, but also to the 
motion arising from the rapid circulation of the 
system. 8 


If to all these circumstances, we take in the great 


heat to which the body is exposed in warm climates, 
T think we may with little hesitation say, that if the 
same quantity of water, that is contained in the hu- 
man frame, were exposed to as large a surface of air, 
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more chan bne half would be evaporated in twehty- 
four hours; for you are to consider that moisture 
can transpire through our skin, and that the skin is 
always meist, and is continually acted upon by ani- 
mal heat, the air, and the general cirentation ; and 
that without a continued and successive supply of 


* 


moisture, the skin would be quite parched up. 
Add to this, the immense discharges which art 
constantly issuing out of the human system, by in- 
sensible perspiration, by the great discharges from 
the lungs, by the natural evacuations, by urine, sa- 
liva, &. Take these altogether, and I think it will 
be impossible for you to conceive these are all sup- 
pied by the mouth. © hn lhe e ge 
Mr. Harrington says, that he has often in winter 
examined his evacuation by urine, and found it to 
exceed in quantity the moisture received into the 
system by the mouth. Whence then could” the 
superabundant quantity arise? and what supportet 
the other evacuations? what under a heat of g6“ 
kept every minute part moist, soft, and phable? 
Many more facts might be adduced in support of 
this opinion; but for them I must refer you to your 


— 


own observation and Mr. Harringtor's work. 
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You may consider the water that is in bodies in 
two states, either that of simple mixture, or that of 
combination. mam e 
In the first state, it renders bodies humid, is per- 
ceptible to the eye, and may be disengaged from 
them with facility. e anole, NN 
In the second state, it exhibits no character 
whereby you can discover that it is thus combined. 
It exists in this form in crystals, salts, plants; ani- 
mals, &c. 


fox ever, because the primitive substances are arrived 
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Water existing in a state of combination, concurs 
in imparting to them hardness; and the transparent 
salts, and most stony crystals lose their transparency, 
when they are deprived of the water of crystalliza- 
tion. Many. bodies are indebted to water ſor their 
fixity; the acids, for example, only acquire fixity b 
combining with water. Water, when | mixed —4 
earth or ashes, is formed into a vessel, which, when 
baked, will bear the utmost force of the hottest fire 
that art can contrive. Thus you see a body, whose 
fluid and dissolving qualities are so obvious, giving 
consistence and hardness to all the substances of the 
earth. In this state nature often unites it to bodies, 
with which art has not yet learned to make it enter 
into combination. W 
Pure water will, indeed, unite immediately only 


vith a certain number of substances; but after bei 
united with these, it becomes capable of dissolving 


other substances in a succession, whose limits we 


cannot determine, because the further we advance 


in the knowledge of substances, the greater reason 
we have for perceiving our ignorance of the number 
which exist distinctly, and of the intimate ingredi- 
ents even of those that are known. Water is the 
base of all menstrua: we concentrate them to a cer- 
tain point by evaporation; but beyond this point, 


the liquid either produces nothing but vapour, or es- 


capes entirely. An essential part of the art of chemistry 
consists in the composition of menstrua, and in the 


-precipitations operated therein: in these processes 


water itself often enters into new combinations. If, 
in his operations, the chemist falls upon any lucrative 
process, of which he himself is ignorant of the inti- 


mate causes, he makes a secret of it. But how many 


such secrets are to be ſound among the operations of 
nature? How many that will be concealed ſrom us 


| 
| 
| 
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at à state that cannot be changed by the agents of 
the present operations in nature. Lol 
When water, by a succession of dissolutions, con- 
tains different substances, they may be successively 
pricipitated in two ways, by the dissolution of new 
substances, or by the emission of expansible fluids, 
some of whose ingredients were united with the sub- 
stances in the liquid. Ancient chemists knew scarce 
any thing of this last process, nor of the various 
combinations of fire and light. It is to modern dis- 
coveries on these heads, that) we are indebted for 
the present advancement of these sciences; but if 
the chemist, in these pursuits, neglects the study of 
meteorology and geology, both for directing his 
investigations of the nature of expansible fluids, and 
appreciating his decisions on the intrinsic nature of 
substances, he will run the risk of accrediting errors 
by the very facts which should have separated him 
from them.“ | 
Water may be considered as a kind of general 
cement. The stones and salts which are deprived of 
it, become pulyerulent, and fall away into a mass of 
shapeless dust. Water facilitates the coagulation, 
re-union, and consistence of the particles of stones, 
of salts, &c. as you also see in the operations per- 
formed with plasters, lutes, mortar, acc. 
The stock of water afforded by the driest bodies 
is surprizing; hartshorn kept forty years, and thereby 
become as hard and dry as any metal, so that if 
struck against a flint it would give sparks of fire, 
upon being distilled, afforded one- eighth part of its 
quantity of water. | 
For a considerable time water was thought to be 

a fluid earth. The earthy residue, left after the dis- 
tillation, trituration, and putrefaction of water, gave 
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* See De Luc's Letters, dans Je Journal de Physique, for 1790, 
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credit to the opinion that it was convertible into 
earth. M. Lavorsier has 8hewn, that this earth arises 
from the wear of the vessels; and Scheele has proved 
the identity in the nature of the earth with that of the 
vessels in which the operations were made. 

In a fluid state, water combines so easily with 
other substances, that it is never to be found in a 

re state; the most genuine is mixed with exhala- 
tions and dissolutions of various kinds. Rain water, 
which is a fluid of nature's own distilling, and which 
has been raised so high by evaporation, is neverthe- - 
less a very mixed substance, impregnated with ex- 
halations of all kinds; salts, sulphurs, and metals are 
combined with it. Mr. Cha —_ from experiments 
made cat Montpellier, found rain water in stormy 
weather more impure than that which came in gen- 
tle showers; the water which falls first is less pure 
than that which falls after several hours, or several 
days rain: that the water which fell when the wind 
blew from the sea to the southward, contained sea- 
salt, while that which was produced by a northerly 
wind did not contain a single particle. The water 
caught pouring from the tops of houses is impreg- 
nated with the smoke of the chimmics, the vapours 
of the slates and tiles, D with such impurities as 
birds and animals have) deposited there. It is the 
same with river water; plants, minerals, and ani- 
mals, all contribute their share to add to its impu- 
rities; wherever the stream flows, it receives a tinc- 
ture from its channel. Of the various river waters, 
those of the Indies and the Thames are said "OO 
the lightest and most wholesome. 

Waters in general are supposed to be more pure 
as they are more soft: snow water is very soft; rain 
water comes next to it; spring water, ch the 
clearest and most tempting of all to look at, is the 
least pure, and of all others the least fit for common 
use. Spring water is pure or polluted, in propor- 
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tion as the earth through which it streams is more 
or less impregnated with sulphur, salts, arsenic, mi- 
nerals, &. Those that are strained through a sandy 
soil, free from saline or metallic substances, are the 
purest. The eye is no adequate judge on this occa- 
sion: it will indeed teach you not to drink or use 
foul or dirty water, but it will leave you in the dark 
as to those contents of the water which may be sus- 
pended in it imperceptibly. Transparency is cer- 
tainly a very agrecable quality in water, but cannot 
be relied on as a proof of salubrity, for sca-water is 
as transparent as that which is fresh. The water of 
. lakes and pools is in general very impure, 
and may be considered as a jelly of floating insects, 
the whole teeming with shapeless life, growing more 
fruitful by increasing putrefaction, forming a mass 
of corruption displeasing to the sense and injurious 
to the health.“ | 

The atmosphere itself may be looked upon not 
only as the general receptacle of all aqueous vapours, 
but hkewise of all mineral exhalations of the steams 
which are constantly arising from the perspiration of 
whatever enjoys animal or vegetable life, and from 
the instantaneous putrescence of those substances 
when deprived of life; of the smaller seeds of terres- 
trial and aquatic plants, of the eggs of an infinite 
species of imperceptible animalcules, of the acids and 
of oils separated by combustion from all sorts of fuel, 
the matter of light, of electric effluvia, and a variety 
of other substances. From these sources are derived 
many of the impurities which have been discovered 
in all atmospherical water, which must vary accord- 
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* An implement called a filtering stone has sometimes been used 

for purifying water, but it is in principle quite defective. Their 

pores are closed up by dust or dirt, and the practice of brushing, 

to clean them, is equally ineffectual,y Mr. Peacoct's, method, that 

2 E describe, is the best of any that I have yet met 
. *Evir, | | 


16 
ing to the nature of the substances, the climate, the 
season of the year, the direction of the winds, and 
many other unknown causes. | 5 101 

After all, we must be contented with but an im- 
pure mixture for our beverage; and yet even this 
may often be more serviceable to our healths than 
those deemed Experience alone must de- 
termine its useful and noxious qualities; such water 
is in general to be preferred that sits light upon the 
stomach, that is of a fresh, lively, agreeable taste, 
that boils readily, and boils garden stuff, particularly 
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peas and pulse, quickest, and which mixes perfectly 


and readily with soap without curdling. 

Water is purified by distillation. As it is of im- 

tance on many occasions to have very pure water, 
it will be necessary to point out to you the means by 
which it may be thus purified. The operation is 
performed in a vessel called an alembic; the alembic 
consists of two pieces, a boiler or cucurbit, and a 
covering called a capital or head. 

The water is put into the cucurbit, from which it 
is raised in vapour by means of fire, and these va- 
pours are condensed by cooling the head with cold 
water. The vapours thus condensed flow into a 
vessel designed to receive them. This is called dis- 
tilled water; and is purified so far as it leaves behind 
it in the cucurbit the salts and other fixed principles 
which alter its purity. The distillation is more 
speedy and quick in proportion as the pressure of 
the air is less upon the surface of the stagnant fluid. 

A true distillation is carried on every where at the 
surface of our globe. The heat of the sun raises 
water in the form of vapours; these remain a cer- 
tain time in the atmosphere, and afterwards fall in 
the form of dew by simple refrigeration. This rise 
and fall of water washes and purges the atmosphere 
of all those particles, which, by their corruption or 
developement might render it infectious. It is, 
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perhaps, this combination of water with various 
miasmata which renders the Og” * ee 
some Mira PLOT 4, | 
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U The: bantity of water raiged in vapour from the 
ocean has rather extravagantly been thought by 
some to be equal to that which is poured into the 
ocean by all the rivers upon earth; and they there- 
fore as Nero that what the sea gets by the rivers, it 
loses by evaporation, and that thus % mutual and 

able interchange is preserved; that all the rivers 
WT arc supplied with water by the vapours that are raised 
from the sea, carried thence by the wind, condensed 
against the sides of mountains, where, trickling dowry 
through the crannies of the rocks, they enter the 
hollow places thereof, and form collections of water, 
from whence they issue out at the first orifice they 
can find, and by these means constitute springs and 
rivers. | 1137 
4 - There: in undehey itheoey to 2eocuint for springs 
and rivers, which refers this cause to a great ab 
of waters occupying the central parts of our globe. 
It asserts, that all the phenomena of springs are 
chiefly derived from the vapours, veins; and issues of 
this great abyss, into which they are all returned; 
and that a perpetual circulation and equality is kept 
up, the springs never failing, and the sea by reason 
of its communication with the SUDterTancan waters 
never overflowing. 

From the earliest ages then phenomena have en- 
gaged the attention of every inquisitive mind. ' The 
sun riseth, says 1 „and the sun goeth 
down, and pa nts for the from whence: he arose. 
All things: 425 filled with a labour; and man cannot 
utter it. All rivers run into the sea, yet the sea is 


not full. Unto the place whence the rivers come, 
vox. II. B 
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thither they return again. The e ye is not Satisfied 
with seeing, nor the ear with wearing, At 80 early: 
a period was curiosity employed in observing these 
great circulations of nature. The inquiry, whence 


rivers, are produced? whence they derive those un- 
ceasing flows of water, which are continually enrich- 


ing the world with fertility and verdure? has been 
ou considered, and divided the opinions of 
mänkind. ? But as the two above-mentioned theories 
are those which gerierally prevail, and to wWhieh most 
others may be reduced, we Shall only examine their 
merits. 1 nen d 2201 
It seems Amost unkind to Gsenchant the hean- 
ties of the prospect, which the first of the two fore+ 


going theories presents to our minds. A romantic 


nnagination can form nothing more striking than 
this unceasing rotation of waters; clouds arising 
from the ocean, travelling till they dash against the 
tops of the highest mountains, then descending 
feebly in little streams down their sides, entering the 
subterranean caverns of the earth, bursting forth 
into springs, and at last assembling into rivers, which 
carry the united torrent again to its parent ocean.“ 
This is amusing speculation; but, alas! it is but 

ulation, and is S0 1595 with difficulties, that a 


more perfect is highly desirable. 


Calculation has pressed to favour this en, ; 
and so great a quantity of evaporated water contrived 
to support it, thine if it e would . instend of 
refreshing our earth. 

That the rain and vapour which fall pr the earth 
are inadequate to the solution of the phenomena, 
ab cannot possibly account for the origin of springs 
and rivers, will be made evident to Joi from a va- 
riety of considerations. Mons. Gzaltieri, by compar- 
ng * rivers of Aae back the rains that fall 

| 7 
51 # + ColdoniiN's Tis. Wales bai. i. p. 134. 
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upon it, has shewn, that alter making mote allow- 
. ancts than are reasonable in fayour « 


the eyaporat-' 
ng hypothesis, they exceed the rain in quantity: 
he has also shewn, that it is utterly impossible for 
the rain waters to keep up the continual course of 
rivets and spritigs. The waters discharged by the 
rivers of Italy into the sea, are to the rain which falls 
upon the land, as 55 to 27, that is, more than twice 
the quantity. Wh RS | 
The earth is constantly moistened to a greater 
depth than the rain of the year will account for. 
Mt. De La Hire brought this hypothesis to the test 
of experiment, by examining the most essential 
article thereof, namely, the depth that rain and 
8h0w water did really descend into the earth. To 
know this, he dug a hole in the lower terrace of the- 
observatory at Paris, and placed therein, eight feet 
under ground, a large leaden bason, inclined a little 
towards one of its angles, to which was soldered a 
pipe twelve feet long, which, after a considerable de- 
scent, teached into an adjoining cellar. After hay- 
ing covered the head of the pipe with several flints 
of different sizes, to prevent the orifice from being 
ine he threw in a quantity of the earth to the 
depth of eight feet; the earth was of a nature be- 
tween! sand and foam, and thus easily permeable b7 
water. He judged, that if rain or snow water pene- 
trated the earth to the depth that some springs are 
found at, which in digging wells and mines are dis- 
covered to be at all depths from 8 to 800 feet, or till 
they meet with the first clayey or compact stratum to 
stop them; that if this were the case, there would 
soon be a spring bursting forth through the leadett 
pe into the cellar. But, on the contrary, after 
aving kept the bason in this situatlon fifteen. years, 


and the ground all the while exposed openly to all 


the rains, sow, or vapours, that might fall, yet he 
y B 2 ; 
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could not observe that a single drop of water had 
ever passed through the leaden pipe into the cellar. 
At the same time that M. De /a Hire commenced 
the above-described experiment, he placed another 
bason about eight inches under ground, and chose a 
place where the rain and vapours might fall, and yet 
the ground be screened from the heat of the sun and 
the action of the wind; taking care to pull up the 
grass and herbs that grew over the bason, that al the 
water which should fall on the ground might pass 
uninterrupted to the bottom of the bason, wherein 
there was a little hole with a tube to convey the 
water to another vessel. In eight months, that is, 
from the 12th of June to the 19th of February fol- 
lowing, no water came by the tube, and though it 
began to run on the 19th of February, this was en- 
tirely owing to the great quantity of snow which had 
fallen, or was then melting. From that time the 
carth in the bason was very moist, though the water 
would only run a few hours after raining, and it 
ceased running when the quantity fallen was drained 
off. | | Lot Sen dr 
A year after, he repeated the same experiment, 
but buried the bason sixteen inches under ground, 
taking care that there was no grass on the ground, 
and that it might be screened from the sun and the 
wind: the eftect was much the same as before, ex- 
_ cepting that when a considerable time passed with- 
out raining, the earth would grow a little dry, so 
that a moderate rain coming on it would not moisten 
it sufficiently to make it run. GOES OAT e 
The consumption of moisture by vegetables and, 
fruits is much gredter than has been commonly sup- 
posed, or generally allowed for; so great, that all 
the rain that falls is not sufficient to supply them 
with the quantity equal to what the growth demands. 
Mr. De la Hire planted herbs on the ground over 
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the bason mentioned in the last experiment, and 
found that when these were grown up a little, the 
ground was so far from sending any water after rain, 
that all that fell was not sufficient to sustain them, 
but that they would droop and wither unless re- 
sprinkled from time to time with water. Dr. Hales 
found, that a plant in 214 days drew off all the water 
of the earth on which it grew, so that without a 
farther supply from beneath it would perish after that 
period; and yet he has made no allowance for what 
the earth in question perspired at the same time 
in vapour. These considerations, which might be 
supported by many more, abundantly prove, not only 
that rain water scarcely penetrates so far as two feet, 
but that the quantity which falls is not sufficient to 
furnisb what is requisite for the growth of vegetables; 
so that we must call in some foreign assistance for 
their support. 1 5 

There are springs, and those common every where, 
so equal and constant in yielding their water at all 
seasons, and which are neither affected by rains nor 
droughts, that we cannot suppose them to be de- 
pendent on these for causes. The Rev. Mr. Der- 
nam describes one such under his own inspection, 
which was by no means consistent with the hypo- 
thesis of rain and vapour. . 

There are springs also too near the summits of the 
highest grounds in the country, to derive themselves 
by descent from the water which falls on the surface 
of the ground, there being no declivity adequate to 
the purpose. nA 2255 

The evaporation from the sea being condensed by 
high mountains, and soaked in there, is by no means 
sufficient for the production of springs and rivers; 


* Philos. Trans. No. 289, and 313. 


+ Memoirs of Literature, Aug. 1725. Jones's Physiglogical ; 
Disquisitions, p. 490. Caleott on the Deluge, p. 174. | 
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ſor whatever effect. this vapour may seem to have in 
southern climates, and in islands placed in the mid- 
dle of the ocean, it cannot fairly he applied to the 
springs of inland countries and northern climates. 
Nor have the advocates for this hypothesis consi- 
dered, that where the evaporation af the day is so 
copious, the dews of the night which fall again on 
the same surface, sea or land, are nearly in the same 
portion; so that so much less has been gained in 
this way than has been generally supposed. Dr. Des- 
ham shews also, that springs occur in great plenty, 
and are constant in their course, even in times of the 
greatest drought, where the country is in general 
very low, and there are no mountain tops to con- 
dense the vapours. | 
The yapours and rain fall also upon the sea as well 
as upon the land; and the surface of the ocean is con- 
sidered to be as large again as that of the dry land: 
so that we may justly suppose, that two thirds of 
whatever is raised in vapours returns from whence it 
came without falling upon the dry land. | 
No one will deny that rain and melted snow will 
produce many temporary springs, and increase the 
discharge of rivers; but this is a partial considera- 
tion, and by no means adequate to that constant 
supply, and to that vast quantity of waters which 
are to be accounted for, and which are constantly in 
I shall, therefore, now consider the subterrancous 
store, and the vapours that arise from them. And 
here it is a well known fact, that we never fail to find 
water when we ' penetrate deep. enough into the 
bowels of the earth; and the deeper we go, the waters 
occur in greater plenty. This does not shew'as if 


* Those who wish to see 2 evidence in ſavour of these sub- 
terraneous stores, should consult Caloott on the Deluge, and Jones's 
Pisquisitions, p. 525, 
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their stores depended upon any aceident at the sur- 
face, for then they would rather be diminished and 
fail us when we work lower, their supplies being ex- 
tended according to this account in springs and 
rivers upon the surface: but the contrary is always 
the case; therefore the sources are not above, but 
below. This conclasion seems too obvious to be 
avoided. In sinking mines it is very common to 
break in upon veins, and sometimes large and power- 
ful courses of water in incredible quantities, which 
either overflow the works, or' require expo: as- 
sistance to drain them. 8 
When the earth is cut through, it yields ates as 
naturally as the body, which abounds with vessels, 
yields blood when it is wounded. The deeper the 
wound the greater is the effusion of blood, because 
the largest channels lie deep, and the largest of all 
which feed the rest, are placed in the central parts 
of the body. Thus it is with the body of the earth, 
the effusions of water observable near the surface 
have their supply from reservoirs which lie deeper, 
and they in their turns are fed by larger and deeper, 
till we come to the grand repository of all, which 
keeps up a general communication between the wa- 
ters of the land and those of the sca. 
Those who have been eye-witnesses of what paxges 
within the earth, have been generally of opinion, 
that steam and vapour is in continual action there, 
though more at some times than at others; that 
there is frequently a very sensible warmth at the 
greatest depths, and many tokens of moisture aris- 
mg upwards from the lower parts Seheuchzer," who 
was very conversant in these researches, says, 
«© firmiter persuasus sum copiosissimus ex imis 
montis visceribus ad cacumen sublevari caloris sub- 
terranei ope vapore aqueos.“ Now, as the waters of 
the sea are salt, while = spring waters of the land 
are fresh, and consequently lighter, a column of s 
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water. will be a counterpoise to a higher column of 
fresh water. If, therefore, | the waters of deep seas 
have any communication with the land, and their 
weight has due effect, water may rise to any required 
height upon statical 1222 either by running 
channels, or by sap and percolation; for water under- 
neath a mass of dry sand will be choaked upwards to 
its surface.“ Sir [saac Newton tried this experiment 
on a tube filled with dry.ashes, and found the water 
ascend through them with ease. In the rocky ca- 
verns of mountains; much, may be effected by the 
slow ascent of steam, which will be condensed as it 
comes ncar to the air, and distill downwards through 
those cracks and chasms where it finds an outlet. 
When we dig for springs in small islands, and 
lands lying near the sea coasts, it is common to find 


* Mr. Peacock, architect of Finsbury Square, London, has con- 
trived a method of n water by ascent, and for which he has 
obtained a patent. The following description is partly extracted 
from his pamphlet, entitled, A Short Account of a New Method of 
Filtration by Ascent, &c. 1793. ITE 

There does not require any arguments to prove the beneficial 
effects of pure soft water to the preservation of health; an useful 
and convenient apparatus is the chief object by which it is to be 
obtained. The proper materials of which vessels designed to con- 
tain water should be made, are glass, porcelain, or stone ware, and 
ashen wood, such as is used in dairies, &c. for large reservoirs, brick, 
marble, stone, in tarras, or barren lime may be the best. A wood 
eistern lined with lead, or a strong leaden one itself, may be suffi- 
cient, when the expense or inconvenience may render the others 
objectionable. The substance and dimensions of the cistern being 
determined, it should be divided jnto three compartments; the first 
division to receive the turbid water from the service pipe; the se- 
cond to contain Mr. Peacock's strataſied medium for the filtration; 
and the third to receive the water in its clarified state, after its as- 
cent through the filter. | | 

Gravel of different sizes, suitable to the several strata, are neces- 
sary to produce the filtration. Mr. Peacock also thinks that glass 
reduced to the sizes is the most proper; but should any other pre- 
ferable materials be suggested, the inventor would be ready to 
adopt them. | TY: | 
Different sizes of gravel appear to me easily to be obtained, by 
gifting it in different sized wire sieves. Mr. Peacock in his work 
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veins of a brackish water; these are certainly de- 
rived from the sea. The water that is more remote, 
and at a greater elevation from the sea, becomes 
fresh by degrees; therefore it sweetens in its pro- 
gress by percolation. Here the process is palpable. 
But the earth being full of open veins and fissures, 
and strata of loose and permeable matter, must have 
4. communication with the sea to great distances; 
and where the distance is so great that the lateral 
supply cannot take place, those deeper communica- 
tions, of which there are so many evidences, will 
never fail us; and where percolation cannot reach, 
the subterraneous vapours, which are always circu- 
lating, must have their effect. 5 Fw: 
In short, wherever you dig beneath the surface of 
the carth, except in very few instances, water is to 


does not describe this. The various sizes of the particles of gravel, 
as placed in layers, should be nearly in the quadruple ratio of their 
surfaces; that is, upon the first layer or stratum a second is to be 
placed, the diameters of whose particles are not to be less than one 
half of the first, and so on in this proportion; and as this theory 
supposes the particles to be spheres, in practice it is necessary to 
increase the height or thickness in each stratum, as may be neces- 
sary, to correct the irregularities in their form: experience only 
will best determine this. This arrangement of filtering particles 
will gradually refine the water by the grosser particles being quite 
intercepted in their partly ascending with the water. The opera- 
tion will be more clearly understood by the following description of 
the glass vessels in which Mr. Peacock first made his experiment. 
Plate 7; fig-7; represents the plan and section of three cylindri- 
cal glass vessels. A is the one to receive the turbid water, served 
from any cistern or other means by the pipe and ball cock at D. 
E is a straining cloth, to clear the water from filaments, &c. it is 
in the form of a bag, which may, by being fixed to a hoop, be kept 
on the top of the vessel. The cock may be turned, and the ball 
taken off, occasionally. The glasses are contained in a light frame 
lined at bottom and about three inches up the sides with sheet lead, 
to form a recipient for the waste water from the cocks in the glasses. 
The turbid water from the vessel A, passes by the pipe G, into the 
lower part of the vessel B, under a spherical or conical form of 
grating H, which is supported by three feet I, I, I. Upon this 
grating is laid the several strata of gravel, or the filtering medium, 
to the height proper to receive the lower end of the air-pipe K, 
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be ſonnd; and it is probable, that by this Subterra- 
neous water springs and — nay a _ part of ve- 
getation itself, are support It is this subterrane- 
ons water raised into x4 ve by the internal heat of the 
earth that feeds plants. It is this subterraneous 
water that distills through its interstices, and there 
cooling, forms fountains. It is this that by the addi- 
tion rains is increased into rivers, and pours plenty 
over the whole earth. 

This reasoning may be illustrated by a pleasing 
ratus, which is sold in our streets by the iti- 
nerant Italians. The tube is about three feet high, 

and is fixed to a board, the tube near the top is glo- 
bular, and will hold a large quantity of water, from 
whence it is continued of a less size to the bottom, 
where it is curved upwards, and annexed to another 
globe, from whence proceeds upwards another 
smaller tube, bent in an irregular meandering man- 
ner to the top, where it is curved as you see dow n- 


wards, and is joined to the upper globe. In the in- 


which pipe is at the top of the glass, After the re- 
mainder of the strata is placed round the pipe, in proper order, till 
a secure foundation i is obtained for the ſinest stratum, which is the 
main agent in the percolation, and is represented at L. Upon this 
the others are laid, but in an inverse order, and to such an height, 
that the whole medium shall resist any disturbance from "as 
pressure of the column of the water in A. The air-pipe, K, 
charged to a similar height, beginning with a degree — Sen 
that at the bottom of the pipe, 1am. a out the finest stratum; 
hence, as the water the vessel A, through G, into the 
cavity below H, in the vessel B, the air from the eavity, and from 
W rife 16 vs wand pair tay: eee ipe K, is 
up Bn a3 pc 8 its the water to rise to the pipe F, 
in a — vl it passes into the vessel C 
from which it is drawn by the cock M. 
kind will serve for a family of six or eight 


persons. 
When the tion appears uncommonly languid, it will be 
— to w_ the d as full as possible, which will be in 


night in its worst state, and the next morning a 
— 4 — pipe G, may be turned, and the cock, N, opened 
to benen all the water in the vessel B, together with as much 
of that in C, as shall be above the pipe F. By this means, the 
reflux of the water carries down with it all the fecundities and ob- 
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side of the lower globe, one part of the tube is 80 
contracted as to form a fit passage for a spring, or 
jet d'eau, to arise from it. I pour red coloured water 
into the tube by means of this aperture, letting it 
rise therein till it has filled the upper globe; the air 
in the lower globe will be condensed by the pressure 
of the water endeavouring to rise to its level, the re- 
action and spring of the air will impel the water you 
see upwards through the small tube and all its mean- 
ders, and make it fall into the upper globe, and thus 
cause a constant circulation as long as any water re- 
mains in the upper globe. Now, if you suppose the 
upper globe to represent the sea, the lower globe to 
represent the abyss, and the jet d' eau to be a spring 
breaking out therefrom into the hollow parts of the 
earth, and from thence continued through small 
winding fissures to the surface, and from the chan- 
nels of the river into the sea again, the one may be 
allowed to be a proper representation of the other, 
and an experimental illustration of the possibility of 
such a circulation. | 


- gtructions, and the degree of filtration is restored, as at first. 
Mr. Peacock says, that this cleansing is not required oftener than 
five or six times in a year, unless the original water comes in un- 
commonly turbid. This cleansing may also, at any time, in a few 
minutes be effected by shutting the cock at D, and ing the 
cock at O. All the water of the third vessel above 17 F, 
together with the whole of the second vessel, down to the pipe G, 
would flow back, and through the cock O. 

Fg. 8, will convey Mr. Peacoot's idea of plans of three vessels, 
made of earth, stone, marble, &c, materials, wherein the space, A, 
represents the bottomless tube; which. is to receive the turbid water 
from the pipe, and discharge the air from the grating, &e. under 
it. B, the part in which the filtering medium is to be placed, and 
C, the part to receive the cleared water. The vessels of thesa 
square forms will require to be well joined or clamped together, as 
circular forms are not essential. Ingenious workmen can avail 
themselves of this hint. | 

For other ingenious contrivances of vessels for sea, camp, or 
garrison service, as well as a plan for building a filter to supply a 


village or district, I must refer the reader 46 Mr. Peacock's own pub- 
cation, Epir, 
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o ober have we endeavoured to discuss one 
question, than another presents itself ſor our con- 
sideration, one for which philosophy has not yet 
found a satisfactory solution. To discover the, pri- 
mary cause of that peculiar bitterish saltness which 
characterizes sea water, has exercised the naturalists 
of all ages; and Father Kircher long since observed, 
that the fluctuations of the ocean were scarcely more 
various than the opinions of men concerning its sa- 
line impregnation. Dr. Halley,* who often endea- 
voured by weak speculations to lessen the authority 
of the Bible, thought he had hit upon a principle, 
which would discover the cause of the saltness of the. 
sea, and carry us back almost with demonstration 
to the true date of the creation, He laid it down as 
a principle, that the water of the sea derives all its 
saltness from the land, that a small portion of salt is 
continually washed down from the land by rivers, and 
carried into the sea, which has gradually acquired 
its present quantity of salt from the long. continued 
influx of rivers. The water which is thus carried 
into the sea by the rivers, is again separated from 
it by evaporation, nothing but ſtesh water rises from 
the sea in vapours, the saltness remains behind. The 
salt thus carried into the sea must for ever remain 
there, it must therefore be a perpetually increasing 
quantity, and the sea must every year become more 
and more salt. If therefore, says the Doctor, the 
increment of salt could be found for any given term 
of pars or ages, we should then be able to work 

wards by the rule of proportion, and discover 
the time Dos the sea first began to grow salt; that 
is, when the world began to exist. It is rather mor- 


tifying for infidelity, that the problem requires ages 


* Phil, Trans, No. 344+ Watson's Chemistry, ou li. p. 93. 
Joness Disquisitions, p. 524, 


— 
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for its solution. The idea of salting the sea with 
fresh water is also rather uncommon, but worthy of a 
sceptical philosopher. The reasoning is defective in 
many points. For, allowing that the sea evaporates 
into fresh water, and that thus the salt it contairis is 
left behind, yet we are still no nearer than before; 
unless, while the sea is still losing fresh water by eva- 
poration, you could stop all the rivers, so that no 
fresh water might be added in the mean time. For 
Dr. Halley maintained, as you saw before, that as. 
much fresh water is carried to the sea by the rivers as 
it loses by evaporation, that the rivers therefore will 
all be running on, and bringing in fresh water, while 
the vapour is rising from the surface; thus, you see, 
when things are compared together, the argument 
will end in a cypher. 3 K 1 001 5 
The postulatum, on which the argument is built, 
is itself erroneous; as it supposes the water of the 
ocean was fresh at the beginning of the world; and 
the whole inquiry seems to be after the cause of a 
phenomenon, which has probably no secondary cause 
at all.“ The supposition that the water of the ocean 
was originally fresh, is an opinion concerning a 
matter of fact, which can never be proved either 
way; and it is surely extending speculation too far, 
when we attempt to explain a phenomenon coeval 
with the formation of the earth. The saltness of 
the sea is as necessary to the constitution of that 
element, and to the welt-being of the terraqueous 
globe, as the redness of the blood is necessary to the 
improvement of the serum in the animal system. 
The sea is no more salt by chance, than the blood is 
red by chance. It is a wise provision of the Creator, 
that the immense body of water, which occupies 
more than two-thirds of the globe, should be thus 
sal ted and seasoned for its own preservation, and for 


* Sce Ilation's Chemistry. Jones's Physilogical Disquisitions. 
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the salubrity of the atmosphere; on which account 
the ocean is salter under the torrid zone, where the 
heats ure more productive of putrefaction, and the 
saltness decreases as we approach the pole, all indi- 
cating design; and if it be true, that the agſtation 
and ventilation of the sea is not sufficient in vast 
tracts and deep waters to keep it sweet without a 
due proportion of salt, Dr. _ 8 eg an 
have poisoned the world. [ 
The degree of saltness in the sen varies in the 
game place at different Ne sometimes at dif- 
ſerent depths.“ 
Dr. Matson informs us, that from some experiments 
made in a voyage from England to Bombay, in the 
East Indies, that the weight of the sea water was the 
greatest, not precisely at the equator, but where the 
sun was vertical, and where in similar circumstances 
the heat was greatest; and that the weights of equal 
bulks of Thames water, of sca water at Teneriffe, 
and at St. Jago, were 659, 6733, 7804 grains, the 
proportion of which number may be expressed thus: 
Thames water 1000, Teneriffe sea water 1022, St. 
Jago sea water 1184. In general, sea water pos- 
sesses about 22 or ++ of its weight in salt. He also 
mentions the following simple method of estimating 
the quantity of salt in sea water; a method so simple 
that every common sailor may understand and prac- 
tise it.. Take a clean towel, or any other clean cloth, 
dry it well in the sun or before a hre, then weigh it 
accurately, and note down its weight, dip it in sea 
water, and when taken out wring it a little till it 
will not drip; weigh it in this wet state, then dry i it; 
when i it is perfectly dried, weigh it e the enen 


* Cause Runford, in his late publication of the Progitgation of 
Heat in Fluids, — that the solution of salt which the sea 
holds is the x=, source of heat to the air; and that the ocean is 
not more useful in moderating the extreme cold of the polar regions, 
than it is in tempering the excessive heat of the torrid zone. Ebir. 
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of the weight of the wetted cloth above its original 
weight is the weight of the sea water imbibed by the 
cloth; and the excess of · the weight of the cloth after 
being dried above its —_— weight is the weight of 
the salt retained by the cloth; and by comparing this 
weight with the weight of the sea water imbibed by 
the cloth, you obtain the proportion of salt water 
contained in that species of sea water. 
Congealed sea water will, when thawed, yield fresh 
water. To prove this, some sea water was taken up 
off the North Foreland; it was exposed to a freezing 
atmosphere, and it afforded an ice perfectly free from 
any taste of salt. The specific gravity of the water 
produced from the melting of the ice was somewhat 
greater than that of distilled rain water, and some- 
what less than a mixture of rain and snow water 
taken out of a water-tub. The degree of cold at 
which the sea water froze was 284 of . Fahrenheit's 
thermometer, or 34 lower than that in which. com- 
mon water freezes. This difference will vary ac- 
cording to the quantity of salt contained in the water. 
The freezing of sea water was formerly practised, and 
is probably still so in the northern parts of Europe, 
with a view to lessen the expense and trouble of ex- 
tracting salt from sea water. 

A variety of attempts have been made in our own 
and other countrics to procure fresh from sea water : 
the means used for this purpose is distillation, and 
the most approved methods are those of Dr. roving 
and Mr. Poissomer. To give you an idea of this 
method, suppose a tea-kettle to be made without a 
spout, and with a hole in the lid in the place of the 
knob; then the kettle being filled with sea water, 
the fresh vapour which arises from the sea water as 
it boils, will issue out through the hole in the lid; 
into that hole fit the mouth of a tobacco - pipe, letting 
the stem have a little inclination downwards; then 
vill the vapour of fresh water take its course through 
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the stem of the tithe; and may be collected by fitting” 
a proper vessel to its end: "this will give you a ge- 
neral though imperfect idea of an apparatus for this 
useful purpose. Ano, 2 114 N t Bs THY! 
I have already mentioned to you the dissolving 
power of water, and, in one of the preceding Lec- 
tures; given you such reasons as will probably induce 
you to think, that this power is chieffy to be attri- 
buted to its combination with, and the presence of 
ſire aeting in it. Salts are the substances which it 
dissolves the soonest, and in- the greatest quantity; 
it will not dissolve equal quantities of ul ikinds of 
salts, some being more soluble therein than others; 
all salts are more speedily dissolved in warm than in 
cold water. When water is saturated with any kind 
of salt in a definite degree of heat, it vill retain that 
salt as long as it retains its heat; but if the heat be 
lessened, the transparency of the solution will be de- 
stroyed, a part of the salt will become visible, and 
fall to the bottom; what thus falls down will be re- 
dissolved as soon as the water regains the fire it had 
lost. Thus the quantity of the salt which is preci- 
pitated from the cooling of the water, will depend 
partly on the degree of heat in which the solution is 
saturated, and partly on the degree of cold to which 
the solution is reduced. Thus water of 80 degrees, 
when saturated with salt, contains more salt than it 
would do if it had only 70 degrees of heat; and in 
being cooled to 50 degrees, the precipitation will 
be greater in the first instance than in the second. 
Salt is much longer in being dissolved when it is in 
a compact state, than when it is reduced into a fine 
powder, because when it is in the form of powder it 
presents a much larger surface to the water than 
when it is one solid lum 
When salts are mixed with water, a considerable 
- quantity of air is separated from the water, and the 
whole of the fluid appears muddy, oceasioned by a 
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number of very small bubbles, which rise to the top 
so as to form a scum; when all are risen, the water 
again becomes transparent. This phenomenon should 
be noticed, as many have been deceived by it, espe- 
cially those who have written on mineral waters; they 
often speak of an effervescence in them where there 
really is none, and the appearance of it is nothing 
more than the air-escaping. 1 ST 
The more salt you add to water, the more slowly 
it will be dissolved; after a certain quantity it will 
dissolve no more; the point at which the salts cease 
to dissolve is called the point of saturation. The 
proportion of water is very different with respect to 
different salts. Sir [saac Newton 8 that there 
was an equal distribution of salt through a deter- 
mined space of water; hence their deposition in re- 
ou order. The salt often requires some time be- 
ore it can be so disseminated that its particles may 
be arranged at equal distances throughout the whole 
fluid; in time, however, this is effected. Throw a 
heavy salt, as blue vitriol, into a glass of water, it 
at first sinks to the bottom, and after some days be- 
gins to impart its colour and qualities to the particles 
of water immediately surrounding it: as that part of 
the water which is in contact only acts on the salt, it 
is soon saturated, and being thus rendered heavier, 
remains round the salt as an atmosphere; the rest of 
the water acts on this surrounding atmosphere, there- 
ſore, in a little time, another stratum will be formed, 
containing less salt than the former; innumerable 
boirontef Strata will at length be formed, containing 
less and less salt: hence the diffusion is very slow, 
unless it be assisted by agitation. The vitriolie acid 
is used in bleaching, being diluted in the water in 
which the linen is steeped. The bleachers at first 
thought it was enough merely to throw the acid into 
the water; this, however, ans corroded some of 
the linen, because the vitriolic acid always sinks to 
VOL. II. C | 
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the bottom, and remains'there a long time before it 
is regularly disseminated. When mixed thoroughly 
by agitation, the, salt will never separate again. | 
There is another phenomenon attending the solu- 
tion of salts, namely, the production of cold; this 
we have already explained to you, and shewn that it 
depends on the quantity of fire absorbed to maintain 
and keep up the fluidity of the salt. | 
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LECTURE XIV. 


OF WATER IN. THE STATE OF ICE. 


I yavs sbewn you, that water is in a fluid state 
only on account of its combination with fire; that 
if it loses the fire which is thus combined with it, its 
particles cohere together, and form a hard substance 
called ice. CY | 
Water, in freczing, parts with the fire with which 
it was combined. Tf a thermometer be immersed in 
a vessel of freezing water, the mercury will rise some 
egrees above 32, while another thermometer, in 
the open air, will remain fixed at or some degrees be- 
low Fat point; part of the fire which was fixed in 
the water bein Se escapes into the air when 
it assumes a "lid form. A similar di gement of 


: 


fire is perceived in the crystallization of salts. On 


the other hand, when ice melts, it combines itself 


with a considerable quantity of fire, which at. the 


same time does not inerease the temperature, which 
you may prove by this experiment. Let there be a 
pound of ice at 32", mix a pound of water at 172 
therewith, and, in a few moments, the ice will be 
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melted, and the temperature of the mixture will be 
32*; a quantity of fire, which raised the thermo- 
meter 140 (140+32==172), was absorbed by and 
combined with the ice to give it a fluid form; but 
the fire, thus absorbed, does not produce any effect 
upon the thermometer. | 
The fire, which the water absorbs, when it ac- 
quires a fluid form; is again separated from it by 
congelation; for if a pound of water at 32* be mixed 
with an equal quantity of: ice at 4", nearly one-fifth 
of the water will be frozen, and the temperature of- 
the mixture will be at 32. Now, in this experiment, 
the ice is raised from 40 to the freezing point, that 
is, 28%. It is therefore plain, that by the congela- 
tion of one-fifth of a pound of water, a sufficient 
quantity of fire is evolved to raise a pound of ice 
28 degrees: now five times 28 is 140), so that the 
fire, which is extricated by congelation, is precisely 
equal to that which is absorbed by the melting ice. 
essrs. Lavoister and De La Place have given us this 
general idea of this phenomenon. *© The heat, ne- 
cessary to melt ice, is equal to three fourths of that 
which would elevate the same weight of water, at the 
freezing point, to that of boiling water.” 

The external air promotes the formation of ice; 
water in a close vessel freezes very slowly; but if ex- 
posed to air of the same teinperature, ice will very 
soon be formed. A similar phenomenon is said to 
be observed in the crystallization of salts; many sa- 
line solutions, which will remain in that state in 
close vessels, display crystals almost as soon as you 
open the mouth of the vessel, and expose them to 
the contact of the atmosphere. 

Gentle motion, or a alight agitation of the fluid, 
facilitates its conversion into ice: nearly in the same 
manner, some saline solutions are determined to 
crystallization by a slight agitation. It is pro- 
bable, that the two above-mentioned circumstances 
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facilitate the separation of the combined fire from 
the water. r en t eng "5 
(Boiled water may be brought to a greater number 
of degrees below the freezing point without congeal- 
ing, than unboiled water, which contains more air. 
Substances, which lessen the transparency of wa- 
ter, render it at the same time more difficult to be 


cooled below 32” without freezing, and dispose it to 


shoot more readily into ice. 


2 


Foreign substances chemically combined, or dis- 


solved in water, do not take away its property of 
being cooled, though they alter the degree at which 
that property commences. 

Striking the bottom of a tumbler with cooled wa- 
ter against a board, will produce instant congelation; 
when stirring the water, or shaking it in the hand, 
will have no effect. The most certam method of 
bringing on congelation is, that of rubbing a bit of 
wax on the side of the tumbler, but under the water; 
a particular roughness in the motion is felt, and a 
erust of ice is immediately perceived under the wax 
upon the glass. 

These methods succeed best in proportion as the 
water is more cooled below the freezing point; unless 
the cooling amounts to four or five degrees, the fric- 
tion from the wax is often in vain. | 
When water is cooled below the freezing point, 
the contact of the least particle of ice will make it 
instantly congeal; the I crystals shooting all 
through the liquor, from the spot where the ice 
touches, till the whole comes up to the freezing 
point. Few experiments of the minute kind afford 
a more striking spectacle than this, especially when 
the water has been cooled, nearly as much as pos- 
sible, below the freezing point; both from the beau- 
tifut manner in which the crystals shoot through it, 


and the rapidity with which the mercury in the 


thermometer immersed in it runs through a space 
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of 10 or 11 degrees, stopping and beg age at 
32 in pure water. 

The effect of ice, in hastening congelation, ex- 
plains some phenomena. In a calm day, when the 
temperature of the air was about 205, two vessels, 
with distilled water, were exposed to the cold; one 
of them was slightly covered with paper, the other 
was leſt open; the former bore to be cooled many 
degrees below the freezing point, whilst a crust of 
ice always formed on the surface of the other, before 
the thermometer, immersed in the middle of it, came 
to the freezing point; most probably arising from the 
frozen particles, which. in Wasty: women are m | 
rally floating in the air. 

Oil spread over the surface of 8 has been found. 
to prevent it from freezing, when other water simi- 
larly exposed has had a crust of ice upon it; the oil 
preventing the frozen particles from coming in con- 
tact with the water. In frigorifie mixtures, the con- 
gelation is often brought on by raising the immersed 
thermometer 2 little out of the water, and lowering 
it again, some of the adhering water n Tongs 
on the stem. 

To insure the greatest degree of cold in water 
without freezing, you must cool it in a very gradual 
manner, keeping the cold of the frigoriſie mixture 
regularly, only two or three degrees below that of the: 
water. Sudden cooling may be considered as one 
of the causes which hasten-congelation. Metallic or 
too thin vessels are not proper tor these experiments, 
as they transmit fire too readily. The frigorific mix- 
ture should be kept a little below the edge of the 
water in the tumbler, otherwise the congelation 
quickly begins at that place. | 

Fahrenheit cooled water 15 degrees below its com- 
mon freezing point without freezing; M. De Luc to 
14“. It is not improbable, that if water could be 


thoroughly purged of air, it might be cooled 18 bez; 
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low the freezmg point without congelation. Other 
fluids will bear to be cooled much more below their 
proper point of congelation. 

When the water is nearly. co congealad; | it augments 
in bulk, as we shall shew-you by this simple experi- 
ment. Isõhall take this glass tube, marked E, H, and 
E- filled to E, and plunge the bulk thereof in the 
mixture of salt and i ice; you will observe, that the 
water at first rises in the tube, on account of the 
sudden contraction of the bulb on being immerged 
in this cold medium ; the water now contracted in 
its turn falls again, and wilt remain for some time 
at the same point; in a little time it will begin to ex- 
pand; it has now risen to H, and will soon rise with 
some violence much higher; it is now got to I; the 
water in the bulb loses its transparency, and grows 
cloudy, and is freezing during the congelation; 
and, while the ice is hardening, the water rises in 
the tube; it now runs over it. 5 
I be expansive force of ice is very great, as you 

will be convinced by the detail of a few interesting 
experiments, The Rev. Mr. Jones made a long cy- 
lindrical metal box with a strong rim; to this he ap- 
plied a cover, fitting them with great exactness, by 
grinding ww one upon the other in a turning-lathe, 
He then some water, first by boiling, and 
. 8econdly — exhausting the air from it, which was 

0 far effected, that when cold it did not yield the 
least bubble of air, on trying it with the air- pump. 


5 He filled the box with water, till it stood convex 


aboye the rim; and having applied a wet leather to 
the cover, he screwed it down firmly upon the box 
with four iron screws. In this state, it is probable, 
the box could not have been separated from its 
cover by a weight less than half a ton. He plunged 
the whole into a freezing mixture, in less than half 
an hour the water was froze into a solid mass, and 
as its bulk increased, the screws were forced by 
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the violence of the pressure, and the cover was 
raised up on one side a quarter of an inch above 
the rim. Se ae eren nes 


To measure this force with more exactness, the 


same gentleman made another experiment, _ 
the same box, and filling it as before with wat 

purged of its air, and being covered, but not screwed 
down; it was placed upon an oaken pedestal, which 
had for its base a flat hewn stone of about a foot 


square. The shorter arm of a very strong lever was 


made to press upon the cover; this lever was com- 
pounded with two more to increase the power; at 
the extremity of the longest arm of the most remote 
lever a cord was fastened, which ran over a pulley, 
and had a weight of 281b. by all these combined, the 
cover of the. box was pressed with a force of above 
229616. while it was so pressed down, the water 
within it was froze, and the agent by which the 
water was congealed overcame the whole force of the 
machine. The experiment, however, was not com- 
plete; for when the water began to freeze, and the 
cover of the box to be raised from the rim, the 
ground yielded under the pressure, and the flat 
stone, which served as a base to the pedestal, sunk 
a little below its first position; by this means the 
force was at first spent upon the ground, and did 
not take place in the machine till the ground would 
give way no more. It was, however, so sensibly per- 


. ceived in the machine as to prove, that it was at 


least superior to one ton two hundred and ninety-six 
unds. The box contained 5xs cubic inches. 
ay not this force proceed from fire, not as giy- 
ing, but as restoring an equilibrium, which has 
been interrupted? For light and fire may have 
powerful effects in nature, where they give no sen- 


sible heat. 


By the expansive force of ice, Huyghens burst an 
iron tube of half an inch in thickness. In the ex- 
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periments. of the Academy del Cimento, bomb-shells 
and the strongest vessels, being filled with water, 
were burst in pieces by the fluid on its congelation. 
When water is congealed-into ice, a great number 
of bubbles are produced and imprisoned in it; as 
these bubbles are produced in the act of freezing, 
they extend the bulk of its water, and render the 
ice specifically lighter, and capable of floating 
thereon. That these bubbles are, in a great mea- 
sure, the causes of this expansion, is clear from the 
experiments of Marriotte and Mairan, who found 
ice made with water, well purged of air, sensibly 
heavier than that formed, from the same quantity of 
common water. According to Mairan, ice formed 
af water, purged of air, exceeded * in bulk the vo- 
lume of water which formed it; while ice made 
from water, not purged of air, exceeds the water one- 
ninth or one-tenth in bulk, therefore floats with 
about one-tenth part of its thickness out of, or above 
the water that bears it. From hence you may infer 
the amazing thickness of the ice in the Northern 
Seas, where the portion above the surface is higher 
than the masts of the tallest vessels. 

When a tract of ice in strong inasses is spread 
over the ground, and other ice continues to be 
formed underneath, where there is not room ſor its 
expansion, as in the glaciers of Switzerland, the ice 
underneath sometimes expands with such force as 
to rend the superior strata with violent explosions. 
In the frosty climates of the polar regions, these ex- 
plosions are frequent, and sometimes as loud as a 
cannon. 1 BEE 

The expansive force of ice is applied on several 
occasions to save the labour of man, and perſorm 
such tbings as are beyond the reach of art. Blocks 
of slate-stone, which is ſormed in thin plates, or 
strata, not separable by a tool, are taken out of the 
quarry and exposed to rain, which soaking into the 
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ores of the stone is there frozen into ice, which, by 
its expansion, breaks the stone into thin plates. In 
the iron works, they sometimes, in order to break 
an old bomb-shell, fill it with water, then fasten up 
the vent and expose it to the frost, which bursts it 
into pieces without farther trouble. If you expect, 
therefore, that any liquor will freeze, and wish to 
preserve your vessel, leave room therein sufficient for 


this accidental explosion. 


The effects of this expansion are observabls, in a 
thousand: phenomena. Trees are burst, rocks are 
rent; walnut, ash, aud oak- trees are sometimes cleft 
asunder, and this with a noise hke the explosjon of 
fire-arms. 

Nor are the effects of extreme cold less won derful; 
metallic substances will then blister the skin like red- 
hot iron; the air, when drown | in, hurts, the lungs, 
and excites; coughing. 

When. the French GE wintered at 
Tornea, in Lapland, the external air, when Suddenly 
admitted into * 3 rooms, converted the moisture 
of the air into whirls of snow. Their breasts seemed 
to be rent when they breathed it, and the contact of 


it was intolerable to their bodies; and the aqueous 


parts of spirit of wine, which had not been highly 
rectified, burst some of their thermometers. 
Extreme cold often proves fatal to animal life; 
7000 Swedes perished at once in attempting to pass 
the mountains, which divide Norway from Sweden. 
In cases of extreme cold, the person attacked first 
feels himself extremely chilly and uncasy, he begins 
to turn listless, is unwilling to walk or use the exer- 
eise necessary to keep him warm, and at last turns 
drowsy, sits down to refresh himself with sleep; but 
wakes no more. An instance of this was scen at 
Terra del Fuego, where Dr. Salander, with some 
others, having taken an excursion up the country, 
the cold was so intense as to kill one of their com- 
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. The Doctor himself, though he had warned 
his companions of the danger of ann pr in that si- 
tuation, yet could not be prevented from making 
that dangerous experiment himself; and though he 
was awaked with all possible expedition, his bod 
was so much shrunk in bulk, that his shoes fell 
his feet, and it was with the utmost difficulty he was 
recovered. 8 3 

In those parts of the world, where vast masses of 
ice are procured, the accumulation thereof by ab- 
sorbing the fire from the atmosphere, occasions great 
sterility in the neighbouring countries, as is particu- 
larly the case with the islands of Iceland, Greenland, 
Statenland, &c. 8 | 
Toe is subject to a constant diminution of its 
weight when exposed to the common air. Mr. Boyle 
exposed two ounces of ice to a sharp freezing air a 
little before midnight, and found it in the morning 
dimimshed ten grams in weight. In long continued 
frosts, the ice formed in ponds, and other small col- 
lections of water, is sensibly diminished every day, 
and often wholly evaporated; and a fall of snow may 
de seen considerably wasted in a few days in the se- 
yerest season. The principal cause of this loss of 
weight seems to be the incessant action and abrasion 
of the air upon the surface of the ice. 

Notwithstanding this loss of weight to which both 
ice and snow are subject in the coldest weather, and 
the thaw which they experience in the hottest, some 
have doubted, whether the quantity of congealed 
water be not an increasing quantity. - A philoso- 
pher,* well acquainted with the nature of the Alps, 
expresses himself upon the subject in the following 
manner: „One cannot doubt concerning the in- 
-crease of all the glaciers of the Alps; their yery ex- 
istence is a proof, that, in preceding ages, the quan- 


1 M. De Luc. | N 
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tity of snow which has fallen during the winter, has 
exceeded the quantity melted. during the summer. 
Now, not only the same cause still subsists, but the 
cold, occasioned by the mass of ice already formed, 
ought to augment it still farther, and thence more 
snow ought to fall, and a less quantity of it be 
melted. | | | 

Though this be admitted, it by no means follows 
that there is an annually increasing quantity ; for, 
besides the heat of the air in summer, there 1s ano- 
ther cause, which tends to prevent any indefinite 
augmentation of congealed water—the internal heat 
of the earth. The general heat of the springs of 
water situated deep in the bowels of the earth is 
48 degrees; in mountainous countries it may be 
somewhat less, but sufficient notwithstanding for the 
purpose here mentioned. When the snow incum- 
bent on any spot of ground is but thin, it may so far 
cool the earth, that the internal heat may not be 
able to dissol ve it; but when the bed is thick enough 
to protect the earth from the influence of the atmos- 
pherical cold, that surface of the earth may, even in 
the coldest winters, receive more heat from the earth 
than cold from the atmosphere, and be therefore 
dissolved at all seasons of the year.“ 

This reason is corroborated by fact; for it is said 
that streams of water issue from the bottom of the 
glaciers in the Alps, in the greatest severity of win- 
ter; so that whether the internal heat of the earth 
be admitted or not, as a cause sufficient to explain 
the phenomenon, a constant thaw of the ice or snow, 
which is contiguous to the surſace of the earth in the 
Alps, cannot be denied; and this, added to other 
causes, may render it probable, that the quantity of 
congealed water has its limit, even in the coldest 
country. 


„ue Chemistry, vol. iii, p. 184. 
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Ice appears to be a kind of confused crystalliza- 
tion. Mr. De Mairan observed, that the needle- 
ſormed crystals of ice unite in an angle of 60 or 
1209. If a piece of ice, which contains water in its 
internal part, be broken, the water runs out, and the 
internal cavity is found to be lined with beautiful 
tetrahedral prisms. These prisms are often articu- 
lated and crossed. When it snows at Moscow, and 
the atmosphere is not too dry, the air is observed to 
be loaded with beautiful crystallizations' regularly 
flattened, and as thin as a leaf of paper. They con- 
sist of an union of fibres which shoot from the same 
center to ſorm six principal rays; these rays divide 
themselves into extremely small blades. Mr. Mac- 
quart bas observed several of these flattened radii, 
which were ten lines in diameter. 
Fail and snow are modifications of ice. Hail is 
probably produced by a sudden disengagement of 
the fire by which water is rendered liquid, and is 
generally accompanied by thunder. Hail, snow, 
and ice, are wonderful images of the great operations 
in nature; and if your senses had not acquainted 
you how these things are created out of something, 
and are themselves only the properties of fire, air, 
and water, brought out of a prior state into such a 
compaction and creation as is called snow, hail, and 
ice, philosophy would have left you as ignorant of 
their nature, as it is of most material substances. 
M. Chaptal relates the following curious observation 
made by himself at Montpellier, Oct. 29, 1786. 
* On that day four inches of water fell at Montpel- 
lier, a violent explosion of thunder was heard about 
four in the afternoon, which appeared to be ve 

near, and was accompanied by a most violent shower 
of hail. At this instant, a druggist, who was em 
ployed in preventing the mischief occasioned by the 
filtration of water through the wall, was greatly as- 
tonished by perceiving the water that came through 
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the wall instantly changed into ice. He called in 
several of his neighbours to partake of this surprize: 
NM. Chaptal visited the place about a quarter of an 
hour afterwards, and found about ten pounds of ice 
at the foot of the wall: he was well assured it could 
not have passed through the wall, which did not 
exhibit any crack. Did the same cause which deter- 
mined the formation of hail in the atmosphere act 
equally in the cellar?” W BIO 

A mass of ice formed by a slow congelation, ap- 
pears very homogeneous, and sufficiently transparent 
for a small distance from the surface first frozen; 
but in the interior parts, and particularly towards 
the middle, there is a considerable number of bub- 
bles of air. A quick congelation spreads these 
bubbles indifferently through the whole mass, which 
becomes therefore alm̃ost opake, being composed of 
small parts of different densities; and the upper sur- 
face is more rough and irregular than when the 
congelation has been slow and gradual. An 

The ice of running waters is differently formed 
from that of standing waters; in these the surface is 
first froze, and thickens gradually by freezing one 
stratum of water after another; and it is carried on 
much more expeditiously than when it is in motion. 

When the cold is sufficient, the water freezes on 
the _ of a river, The ice thus formed is, howe- 
ver, often broken and carried away by the current; 
more ice is then formed, which is again broken off, 
and so on. The cakes of ice thus formed, are at 
first very thin, and easily broken by the first shock, 
so that very few remain whole, but are broken in a 
thousand pieces. Thus in a little time the river is 
covered with small pieces of ice, that the least obsta- 
cle stops, floating down its stream. These by de- 
grees, and from a variety of circumstances accumu- 
late in size and number; and the ice thus formed 
is very irregular and opake, and mixed with a va- 
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riety of small heterogeneous substances, as bits of 


Straw, herbs, &c. which had attached themselves to 
the pieces of ice. By a continual inerease in size 
by the various obstacles, to be met with in the course 
of a river, such as bridges, &c. these cakes are at 
last so joined as to cover the river. In very severe 
frosts and very cold climates, rivers have been known 
to be froze over with great rapidity, Dr. Goldsmith 
mentions having seen the Rhine frozen at one of 1 " 
most precipitate cataracts, and the ice standing i 
glassy columns like a forest of large trees, the 
branches of which have been lopped away. So hard 
does the ice become in cold countries, that in 1740 
a palace of ice was built at Petersburg, after a very 
elegant model, and in just proportions of Augustan 
architecture. It was 52 fect long, and twenty feet 
high. The materials were quarried from the surface 
of the river Neva, and the whole stood glistening 
against the sun with a brilliancy almost equal to his 
own. To increase the wonder, six cannons of ice 
and two bombs, all of the same materials, were 
planted before this extraordinary edifice: the cannon 
were three pounders, they were charged with gun- 
powder, and fired off; the ball of one pierced an oak 
plank two inches thick at sixty paces distance, nor 
did the piece burst with the explosion. 

In the northern parts of the world solid bodies are 
liable to be hurt by the frost. Timber is often ap- 
parently frozen, and exceedingly difficult to be 
sawed. Marle, chalk, and other less solid terrestrial 
concretions, are often battered by long and durable 
frosts. Metals are contracted by frost; thus an iron 
tube twelve feet long, upon being exposed to the air 
in a frosty night, lost two lines of its length. The 
expansion of water I have already mentioned to you. 
Trees are often destroyed by frost, and appear as if 
burnt by the most excessive heat. 
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Frost generally proceeds from the upper parts of 
a body downwards; but how deep it will reach in 
the earth is not easily known, as this depth will 
from a variety of causcs, as the duration of the frost, 
the texture of the ground, &c, After a hard frost of 
some days, Mr. Boyle dug in an orchard where the 
ground was level and bare, and found the frost had 
scarce reached tee inches and an half below the 
surface. Nine or ten successive frosty nights froze 
the ground in the orchard only to the depth of eight 
inches and an half. In a garden at Moscow, the 
frost in a hard season only penetrated two feet. 
Water, like the earth, scems not disposed to receive 
any very intense degree of cold at a considerable 
depth or distance from the air; the vast masses of 
ice found in the Northern Seas being only many 
flakes and fragments, which, sliding under each 
other, are cemented together by the congelation of 
the intercepted water. 

The great power of frost on vegetables is a thing 
sufficiently known; but the difference between the 
frosts of a severe winter, and those of spring morn- 
ings, have been but little attended to; you will, 
however, find it a subject very worthy of your at- 
tention. 81 | 

The frosts of a severe winter are much more terri- 
ble than those of the spring, as they bring on a pri- 
vation of all the products of the tenderer parts of the 
vegetable world; but they are not frequent, such 
winters happening but once in an age; but the frosts 
of the spring are more injurious, as they are repeated 
every year. 

In regard to trees, the great difference is this, 
that the frosts of a severe winter affect their wood, 
their trunks, and the large branches; whereas those 
of the spring have only power to hurt the buds. 

The winter frosts happen at a time when most of 
the trees have neither leayes, flowers, nor fruits upon 
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them, and have their buds so hard, as to be proof 
against slight injuries of the weather, especially if 
the preceding summer has not been too wet. Hard 
frosts which happen late in the winter, cause very 
great injuries even to those trees which they do not 
destroy. 9 | 5 | 

It is not the severest cold or mgst fixed frost that 
does the greatest injury to vegetahfes. Though this 
observation is directly opposed to popular opinion, 
it will bc found not less true, nor any way repugnant 
to reason. It is humidity that makes frost fatal to 
vegetables, and therefore every thing that can occa- 
sion humidity exposes them to these injuries. It is 
well known, that vegetables always feel the frost very 
desperately in low places where there are fogs. The 
plants which stand by a river side are often destroyed 
by the spring and autumnal frosts; whilst those of 
the same species, which stand in a drier place, suffer 
but little, if at all. The low and wet parts of forests 
produce worse wood than the high and drier. The 
coppice wood in wet and low parts of common woods, 


though it push out at first more vigorously than that 


of other places, yet never comes to so good a growth; 
for the frost of the spring killing these carly top 
shoots, obliges the lower parts of the trees to throw 
out lateral branches. Frost seldom hurts the late 
shoots of vine or flower buds, except when it follows 
heavy dews, or a long rainy season, and then it never 
ſails to do great mischief. | wy 

Frost does more mischief on newly cultivated 
ground than in other places, because the vaponrs 
find an casier passage there than from other places. 
Trees newly cut suffer more than others by spring 
frosts, because they shoot more vigorously. Side 
shoots of trees are more subjeet to suffer from spring 
frosts, than those at the top; in general, the effects 
of the spring frosts are much greater near the g round 
than elsewhere. | 
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On the same principles you may explain why the 
south sides of trees are more damaged by a severe 
frost than the north. Great r is also done to 
the western sides of trees and plantations, when, 
after a rain with a west wind, the wind turns about 
to the north at sun-set, which is common in spring; 
or when the east blows upon a thick fog before sun- 


In the state of the atmosphere we denominate a 
frost, there is an intimate union between the air and 
the water in the air; therefore, except in high lati- 
tudes, frosty weather is: generally clear. When such 
an union takes place, either in winter or summer, 
the atmosphere is inclined to absorb fire, and conse- | 
quently to produce frost. Thus in clear settled . 
weather, even in summer, though the day may be 
excessive hot, yet the mornings and evenings are 
extremely. cold. 

The air in frosty weather, or clear dry weather, 
being always ready to absorb fire from every sub- 
stance in contact, must of course absorb part of that 
contained in the vapour, which floats in its bosom. 

Though vapour is capable of becoming much 
colder than water without being frozen, yet by a 
continual absorption it must at last part with its la- 
tent fire, i. e. what is essential to its existence as 
vapour, and without which it is no longer vapour, 
but water or ice. When a frost has acquired a cer- 
tain degree of intensity, then the vapours every where 
dispersed in the air give out their latent fire, the at- 
mosphere becomes clouded, the frost either goes off 
or becomes milder, and the vapour descends in rain, 
hail, or how, according to the disposition of the 
atmosphere. 


TO MAKE ICE. © 4 


In many countries the warmth of the climate 


renders ice not only a desirable, but even a necessary 
VOL, 11. 'D 
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article; so that it becomes an object of some conse- 
quenee to fall upon a ready and cheap method of 
procuring it. Though the cheapest method hitherto 
discovered, seems to "bb that by means of sal-ammo- 
niac or Glauber's salt; yet it may not be amiss to 
take notice of gome attempts mals by Mr. Cavallo, 
to discover a method of producing a sufficient degree 
of cold for this al yer by the evaporation of volatile 
liquors. He found, however, in the course of these 
experiments, that- ether was incomparably superior 
to any other fluid in the degree of cold it produced. 
The price of the liquor naturally induced him to fall 
upon a method of ug it Ween as little waste as 
Possible. | 

The apparatus for using the Yor possible quantity 
of ether for freezing water, consists in a glass tube 
terminating in a capillary aperture, which is to be 
fixed upon the bottle containing the ether. Round 
the lower part of the neck some thread is wound, in 


order to letl it fill the neck of the bottle. When the | 


experiment is to be made, the stopper of the bottle 
containing the ether is to be removed, and the tube 
just mentioned put in its room. The thread round 
the tube ought also to be previously moistened with 
water before it is put in the neck of the bottle, in 
order the more effectually to prevent the escape of 
the ether betwixt the neck of the phial and tube. 
Holding then the bottle by its bottom, and keeping 
it inclined, the small stream of ether issuing out of 
the aperture of the tube is directed upon the ball of 
the thermometer, or upon a tube containing water 
or other liquor that is required to be congealed. As 
ether is very volatile, and has the remarkable pro- 
perty of increasing the bulk of air, there is no aper- 
ture requisite to allow the air to enter the bottle 
while the liquor flows out. The heat of the hand is 
more than sufficient to force out the ether in a con- 
uinued'stream at the * 1 EE 
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In this manner, by throwing the stream of ether 
upon the ball of a thermometer in such a quantity, 
that a drop might now and then, every ten seconds 
for instance, fall from the bulb of the thermometer, 
Mr. Cavallo brought the mercury down to 37, or 
299 below the freezing n, when the atmosphere 
was somewhat hotter than temperate. When the 
ether is very good, i. e. capable of dissolving elastic 
gum, and has a small bulb, not above twenty drops 
of it are required to produce this effect, and about 
two minutes of time; but the common sort must be 
used in greater quantity, and for a longer time; 
though at last the thermometer is brought down by 
this very nearly as low as by the best sort. Vee! 

The proportion of ether requisite to congeal water, 
seems to vary with the quantity of the latter; that is, 
a large quantity of water seems to require a propor- 
tionably less quantity of ether to freeze it than a 
smaller one. © In the beginning of the spring,“ 
says Mr. Cavallo, T1 froze a quarter of an ounce 
of water with about half an ounce of ether; the ap- 
paratus being larger, though similar'to that described 
above. Now, as the price of ether sufficiently good 
for the purpose is generally about eighteen pence or 
two shillings per ounce, it is plain, that with an 


- . 


expense under two shillings, a quarter of an ounce 
of ice, or ice cream may be made in every climate, 
and at any time, which may afford great satisfaction 
to those persons, who, living in places where no na- 
tural ice is to be had, never saw or tasted any such 
delicious refreshment. When a small piece of ice, 
for instanee, of about ten grains weight is required, 
the necessary apparatus is very small, and the ex- 
pense not worth mentioning. A small box four 
inches and an half long, two inches broad, and one 
and an half deep, contains all the apparatus necessary 
for this purpoge; via. a bottle capable of containing 
one ounce of ether; two pointed tubes, in case one 
D 2 | 


52 TO PRODUCE A GREAT 


should break; a tube in which the water is to be 
frozen, and a wire. With the quantity of ether 
contained in this small and very portable apparatus, 
the experiment may be beef wy about ten times. . 
A p who wishes to perform such experiments 
in hot climates, and in places where ice is not easily 
procured, requires only a larger bottle of ether be- 
sides the whole apparatus described above. 


TO PRODUCE A GREAT DEGREE OP COLD. 


The power of producing cold belongs particularly 
to bodies of the saline class. In a paper of the Phi- 
losophical Transactions, Mr. Geoffroy gives an ac- 
count of some remarkable experiments with regard 
to the production of cold. Four ounces of sal- 
ammoniac dissolved in a pint of water, made bis 
thermometer descend two inches and three quarters 
in less than fifteen minutes. An ounce of the same 
salt put into four or five ounces of distilled water, 
made the thermometer descend two inches and a 
quarter. Half an ounce of sal-ammoniac mixed 
with three ounces of spirit of nitre, made the ther- 
mometer descend two inches and five lines; but, on 
using the spirit of vitriol instead of nitre, it sunk two 
inches and six lines. In this last experiment it was 
remarked, that the vapours raised from the mixture 
had. a considerable degree of heat, though the liquid 

itself was so extremely cold. Four ounces of salt- 

| Pare Mixed with a pint of water, sunk the thermo- 
ter one inch three lines; but a like quantity of 

3 a-Sal sunk. it only two lines. Acids ways pro- 
8 heat, even common salt with its own spirit. 
Volatile alkaline salts produced cold in proportion to 


their purity, but fixed alkalines, heat. 

If, instead of making these experiments, however, 
with fluid water, we take it in its congealed state of 
ice, or rather snow, degrees of cold will be produced 
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vastly superior to any we anc? mentioned. A 
mixture of snow and common salt sinks Fahrenheit's 
thermometer to O; pot-ashes and powdered ice Sinks 
it eight degrees farther; two effusions of Spirit of salt 
on pounded ice sinks it more than 143" below 0. 
This is the ultimate degree of cold that the mercurial 
thermometer will measure, because the mereury it- 
self then begins to congeal; and, therefore we must 
afterwards have recourse to spirit of wine, naptha, 
or some other fluid which will not congeal. The 
greatest degree of cold hitherto producible by artifi- 
cial means has been 80 below o, which was done at 
Hudson's Bay, by means of snow and vitriohe acid, 
the thermometer standing naturally at 205 below O. 
Greater degrees of cold than this have indeed been 
av 06039 Mr. Martine, in his Treatise on Heat, 
relates, that at Kirenga in Siberia, the mercurial 
thermometer sunk to 118 below O; and Professor 
Brown at Petersburg, when he made the first expe- 
riment of congealing quicksilver, fixed the point of 
congelation at 3507 below 0; but Dr. Black, as soon 
as the experiment was made known in this country, 
observed, that in all probability the point of congela- 
tion was far above this. His reasons for supposing this 
to be the case were, that the mercury descended 
regularly only to a certain point, after which it 
would end guddenly and by starts 100 degrees 
at a time. This, he conjectured, might 
from the irregular contraction of the- metal after it 
was congealed; and he observed, that there was one 
thermometer employed in the experiment which was 
not frozen, and which did not descend so low by. a 
on many degrees. Experience has since verified 
is conjecture; and it is now generally known, that 
40 below o is the freezing point of quicksilver. 
vince the discovery of the possibility of producing 
cold by artificial means, various experiments have 
been made on the efficacy of saline substances in this 
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way; all of which, when properly applied, are found 
to have a considerable degree of power. Dr. Boer- 
hagve. found, that both sal-ammoniac and nitre, 
when well dried in a crucible and reduced to fine 
powder, will produce a greater degree of cold than 
if they had not been treated in this manner. His 
experiments were repeated by Mr. Walker, apothe- 
cary to the ay eg we Infirmary in Oxford, with the 
same result: but he found, that his thermometer 
sunk 32” by means of a solution of sal-ammoniac, 
when Boerhaave's, with the same, fell only 28% Ni- 
tre sunk it 19%. On mixing the two salts together, 
he found that the power of producing cold was con- 
siderably increased. By equal parts of these salts, 
he cooled some water at 225, the thermometer 
standing at 47 in the open air. Adding to this 
some powder of the same kind, and immersing two 
small phials in the mixture, one containing boiled, 
and the other unboiled water, he soon found them 
both frozen, the unboiled water freezing first. 

The most remarkable experiment, however, was 
with spirit of nitre poured on Glauber's salt, the 
effect of which was found to be similar to that of the 
same spirit poured on ice or snow; and the addition 
of sal-ammoniac rendered the cold still more, intense. 
The proportions of these ingredients recommended 
by Mr. Walker, are, concentrated nitrous acid, two 
parts by weight; water, one part; of this mixture 
cooled to the temperature, 18 ounces; of Glauber's 
salt, a pound and an half avoirdupois, and of sal- 
ammoniac, 12 ounces. On adding. the Glauber's 
salt to the nitrous acid, the thermometer fell from 
50? to —1?, or 52*; and on the addition of the sal- 
ammoniac, to - 9. Thus Mr. Walker was able to 
freeze quicksilver without either ice or snow, when 
the thermometer stood at 457. For the experiment, 
four pans were procured of different sizes, so that 
one might be put within the other. The largest of 
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these pans was placed in a vessel still larger, in which 
the materials for the second frigorific. mixture were 
thinly spread in order to be cooled; the second pan, 
containing the liquor, viz. the vitriolie acid properly 
diluted, was placed in the largest pan; the third 
pan, containing the salts for the third mixture, was 
immersed in the liquor of the second pan, and the 
liquor for the third mixture was put into wide- 
mouthed phials, which were immersed in the second 
n likewise, and floated round the third pan; the 
fourth pan, which was the smallest of all, containing 
its cooling materials, was placed in the midst of the 
salts of the third pan, The materials for the first 
and second mixtures consisted of dilated vitriolic 
acid and Glauber's salt; the third and fourth, of di- 
lated nitrous acid, Glauber's salt, and sal-ammoniac, 
in the proportions above-mentioned. © The pans. 
being adjusted in the manner already described, the 
materials of the first and largest pan were mixed: 
this reduced the thermometer to 10% and cooled the 
liquor in the second pan to 20", and the salts for the 
second mixture, which were placed underneath in 
the large vessel, nearly as much. The second mix- 
ture was then made with the materials thus cooled, 
and the thermometer was reduced to 35. The in- 
gredients of the third mixture, by immersion in 
this, were cooled to 10 and when mixed, reduced 
the thermometer to - 155. The materials for the 
fourth mixture were cooled, by immersion in this 
third mixture, to about — 125. On mixture, they 
sunk the mercury very rapidly, and seemingly below 
—40', though the froth occagioned by the ebullition 
of the materials, prevented any accurate observation. 
The reason why this last mixture reduced the ther- 
mometer more than the third, though both were of 
the same materials, and the latter of a lower tempe- 
rature, was supposed to have been partly because the 
ſourth pan had not another immersed in it to give it 
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heat, and partly because the materials were reduced 
to a finer powder. 

The experiments were repeated with many varia- 
tions; but only one mixture appeared to Dr. Bed- 
does, by whom the account was communicated to 
the Royal Society, to be applicable to any useful 

This is oil of vitriol diluted with about an 
equal quantity of water, which, by dissolving 
Glauber's salt, produces about 40 of cold, and by 
the addition of sal-ammoniac, becomes more intense 
by a few degrees. At one time, when Mr. Walker 
was trying a mixture of two parts of oil of vitriol and 
one of water, he perceived, that at the temperature 
of 357 the mixture coagulated as if frozen, and the 
thermometer became stationary; but on adding 
more Glauber's salt, it fell again in a short time: 
but less cold was produced than when this circum- 
Stance did not occur, and when the acid was weaker. 
The same appearance of coagulation. took place with 
other proportions of acid and water, and with other 
temperatures. 
It is observable, that this effect of Glauber's 
_ in produci ng. cold,” took place only when it 

possessed of its water of crystallization; and 
— he mineral alkali also augmented the cold of 
some of the mixtures: but when the water of crystal- 
lization was 3 neither of them had any et- 
fect of this kind. 
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AN ABSTRACT or M. DE LUC's VIEW or GENERAL 
CHEMISTRY, DEDUCED FROM CONSIDERING 
THE CHANGE OF ICE INTO WATER, AND WATER 
INTO ICE, 


There is no phenomenon more important than the 
change of ice into water, and of water into ice, 
Les I have already considered this phenomenon, 
I shal here again, after M. de Luc, analyze it more 
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icularly, in order to shew you, that it includes 
the important basis of general chemistry. The va- 
rious operations of chemistry may be reduced to the 
uniting or separating of substance: their general im- 
mediate cause arises from the different tendencies 
of the particles which compose those different sub- 
stances: and the changes which happen in these phe- 
nomena are produced by the changes that the par- 
ticles undergo in their composition. Now, as the 
phenomena of water and ice include all these dif- 
ferent kinds of modifications, they will furnish you 
with a clear and very important idea of the kind of 
change, which is the source of chemical phenomena. 

Now, with respect to ice: 1. Its particles cannot 
be without a sensible effort. 2. When 
broken, the portions thereof, although brought within 
the smallest possible distance of each other, shew no 
tendency to unite. 3. When fragments of ice are 
laid in heaps, the respective adherence of the par- 
ticles, joined to their resistance to motion, makes 
them remain in the same position in which they 
have been placed. These are strongly marked che- 
mical properties, and the substance cannot be de- 
prived of them, unless the particles undergo an es- 
sential change. f | 


. 


Water, if you were only to judge of it by weight, 
would be ice itself, for the transformation is made 
without any discernible change in weight; though 
very great changes have taken place in the ponder- 
able particles; for, 1. They may be separated with 
the greatest ease, their resistance to separation being 
almost insensible. 2. They have à tendency towards 
cach other, even at a sensible distance; hence small 
masses, when free, coalesce, and form a spherical 
drop the moment they touch; and this is not the ef- 
tect of gravity, but contrary to it. 3. These new 
particles slide so easily one over the other, that, ex- 
cepting the above-mentioned small masses, they 
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cannot now be laid in heaps; but yield * 
to the effects of gravity, and always become 


Let us now consider how these changes in the par- 


ticles of ice are accounted for. Philosophers are una- 
nimous in allowing, that these changes are oocca- 
sioned by fire, a substance without weight. The 
quantity of this substance that produces this effect, 
is sufficiently characterized by its pecuhar properties; 
but, after this change, these properties are no longer 
exercized, because the particles of fire are combined. 
with those of ice. It is this combination that occa- 
sions the chemical changes just described. Now 
these changes are as essential, with respect to phy- 
ical principles, as any other in the art of chemistry; 
so that unless established facts should lead us to as- 
sign a sensible weight to other substances, which 
modiſy these effects in water, this example alone 
would authorize us in considering these new sub- 
stances as imponderable, or without weight. 

Besides the above-mentioned chemical pheno- 
mena, relative to water and ice, there is another 
very important one, which will serve as a point of 
comparison. We find from these phenomena but 
one ponderable substance, known by the name of 
water, and an imponderable substance called fire. 
Now, when the particles of water are in a liquid 
State, a state produced by their union with fire, a 
certain diminution in the quantity of free fire will 
bring them to such a minimum of distance, and ar- 
rangement in position, that they will unite in a de- 
termined form, and quit the fire which rendered them 
liquid: or inversely, when the particles of water are 
formed into ice, if the quantity of free fre interposed 
therein be sumficient to separate them, it then com- 
bines with these particles, and constitutes water; this 
may be called the fire of lüquifaction. 

Now every attentive philosopher must acknow- 
ledge, that these are great phenomena, brought 
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about by the combination of two substances, one of 
which is without weight; and that these phenomena 
are probably the general characters of 'a particular 
class. It is to be regretted, that the ponderable sub- 
stance, which is common both to water and ice, has 
not a peculiar and appropriate name, for this sub- 
stance belongs also to aqueous vapours. M. de Luc 
was once inclined to distinguish it by the term humor. 
You will, I hope, be careful to distinguish the cases 
in which I shall speak of water as a substance modi- 
fied neither by fire, nor by any other substance. To 
render you more attentive to this distinction, I shall 
sometimes use the word humor. | 
The foregoing analysis will enable you more clearly 
to comprehend the nature of menstrua, a class of sub- 
stances of which the knowledge is very important. 
I shall confine myself to a few instances. MITE 
The name of acids has been given to liquid sub- 
stances, which scem to be nothing more than wa- 
ter joined to certain imponderable particles. Thus 
acid liquors are to be distinguished from the acids 
themselves. 7 = | 
The general phenomena of acid liquors are the af- 
finities exercised by their particles, as well amongst 
themselves as upon other substances. But water, 
considered here as humor, being united to fire, ex- 
ercises certain affinities, as well in itself as upon 
other substances: other particles, therefore, as im- 
ponderable as fire, may produce such changes 
therein, as may alter, in some respects, its natural 
affinities; and we are authorized to think, that this 
is the case, unless the supposition be contradicted 
by facts. . | 
To see this, let us examine the formation of acid 
liquids, and also their different produets. Now, 
when acid liquids are formed, we have every reason 
tor supposing the presence of water, either in the 
solid or liquid substances employed, or in the vital or 
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atmospheric air, which on decomposition is joined 
thereto. Those who adopt the hypothesis of M. La- 
visier may object to the presence of water in these 
airs: for in the combustion of sulphur, or phos- 
phorus, &c. they consider vital air as the acidifying 
228 and the substances as acidifiable bases. 

t this supposition is neither necessary nor natural. 
It is not necessary, because the phenomena may be 
as well explained without it. If there be a sufficient 
quantity of vital air, all that we pereeive is, the pro- 
duction of an acid liquor; i. e. according to our gpi- 
nion, a quantity of water whose particles are united 
to an acid. Now, if water is the ponderable of 
all aeriform fluids, an hypothesis which is sufficient 
to account for every chemical phenomenon, and is 
the only one that accords with meteorological phe- 
nomena; it is easy to conceive, that on the decom- 
position of vital air, a quantity of water united to 
acid particles may be — For example, we 
consider sulphur as containing an acid, phlogiston, 
fire, water, and other unknown ingredients, com- 
bined together in a solid form, of which I shall treat 
hereafter: that vital air contains water and fire, 
which at a certain degree of heat acquire the power 
of uniting with phlogiston; and thus you perceive, 
as far as it is possible to sce into nature, why, on the 
de composition of these two compounds by combus- 
tion, a liquor results, in which the particles of water 
are united to an acid, distinguished by the name of 
vitriolic. 

With respect to the French hypothesis, it should 
seem, that every man would consider himself as re- 
lieved of a burden, when he found it no longer neces- 

to admit a substance, which, without being acid 
itself, was yet the cause of acidity. Further, though 
acids may be supposed to exist, they can only act in 
liquids, or expansible fluids. So that these opera- 
tions, instead of furnishing us with an acidification, 
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of which we have no conception, leads us only to 
consider these acids as liberated, and enabled to 
act by their union with a liquid. A 
It may therefore be asserted, with confidence, till 
something more solid is produced, that the opera- 
tions by which acid liquids are formed, consist in 
liberating water and the acid particles from their 
eding combinations; and thus to produce water 
charged with certain particles to which no weight 
can be assigned, and which are only discerned by 
their properties in the substances containing them. 
Now, as soon as the water thus modified receives 
the fire of liquifaction, its particles being free to 
follow their tendencics, enter into new combina- 
tions, by means of the acid particles from which it 
has received these new faculties, Let us then pur- 
sue these particles in the exercise of their acquired 
tendencies; and first in the phenomena of the con- 
gelation and liquifaction of the liquids they form. 
The water of acid liquors preserves its general fa- 


culty of existing, 5 to the difference of 


temperature, in a solid or liquid form; but it has 


undergone two changes, one, by which its particles 


do not abandon the fire of liquifaction, but by a 


greater diminution of heat; by the other, when 
they do abandon it and unite, they assume a dif- 
ferent arrangement, Here we only perceive dif- 
ferent specific characters of the same generical mo- 
dification. The particles of water (humor) whether 
alone, or whether combined with an acid; can 
unite with the fire of liquifaction; but in the last 
state they preserve it in a lower degree of heat; 
and when they lose it, instead of grouping them- 
selyes like pure water in a form in which their vo- 
lume is increased, they, on the contrary, occupy 
somewhat less room. ' 

By the experiments of Mr. M*Nab, at Albany, in 
Hudson's Bay, we find, that spirit of nitre under- 
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goes, according to its degrees of acidity, two kinds 
of congelation, distinguished by Mr. Cavendis into 
the aqueous and spirituous. In the first, the ice 
_ 42 gy by the pure water, switns above the 
the liquid; in the other the liquid itself 
— and the ice thereof falls to the bottom of the 
part yet liquid. In the last phenomenon the point 
of congelation changes with the degree of ny 
but it is far from following the laws thereof. 
Mr. Cavendish bad determined by other experi- 
ments, that the true point of congelation cannot be 
obtained, but by preserving therein some icicles of 
a former congelation. It is thus that the points of 
congelation 1n the following table were determined : 
the degrees of acidity of the spirit of nitre are ex- 
pressed by the quantity in weight of marble it was 
able to dissolve, compared with its own weight. The 
thermometer used was on the scale of Fahrenheit ; 
the correspondent terms are the results of experi- 
ments, reduced to a regular series of degrees of 
acidity. | | 


Spirituous Congelation. 7 Aqueous Congelation. 
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From these phenomena, analyzed according to 
M. de Luc's theory, it appears, Ist, That by a de- 
e of acidity =568, fire may remain combined 
with the particles of water (humor) even as low as 
—45.5 of Fahrenheit. 2dly, That as the degree of 
acidity is successively weakened, the particles of 
water acquire the faculty of uniting at higher tem- 
peratures, and of quitting the fire of liquifaction; 
but this progress towards a maximum, which 1s at a 
degree of acidity nearly a mean between the two 
terms of spirituous congelation, the acidity is then 
418, and at —2.4 the particles of water unite. 
3dly, The acidity continuing to be diminished to 
298, the particles of water lose suceessively the 
power of approaching without ceasing to be liquid, 
so much so, that at this point fire is ready to com- 
bine with them at 22.7. Atbly, This loss of power 
relative to the particles of water, continues till the 
acidity is reduced to 243, and at this point the fire 
of liquifaction does not quit them, but at the tem- 
perature of — 44.2, which very nearly corresponds 
to what happened at the greatest acidity 568: but 
now a new phenomenon takes place; the particles of 
«water being less charged with acidity, again tend to 
crystallize in their own way, and those that are most 
favourably disposed thereto, quit their acid and the 
fire of liquifaction, and become common ice. 
Lastly, from this point, the more the acidity is di- 
minished, the sooner the particles of water unite, so 
that when the acidity is only 210, ice (of pure water) 
was formed at the temperature of 17. These sin- 
gular phenomena are not peculiar to the spirit of 
nitre, they have been also observed in the spirit of 
vitriol, as may be perceived by the result of experi- 
ments formed into a table. 
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Freezing point. 


From hence we may conclude, that oil of vitriol 
has not only a strength of easiest freezing, but even 
a strength superior to this; it has another point of a 
contrary flexure, beyond which, if the, strength be 
increased, the cold necessary to freeze it again be- 
gins to diminisch. From the weakest degree of the 
acid 758, to that of 848, there is an increase of 91? 
in the freezing point. The acidity increasing to 918, 
the freezing point falls again to 727, and rises 27, 
when the acidity becomes 977. 

Now there are in these phenomena of acid liquors 
no symptoms which suffer us to consider them as 


simple substances, ponderable in their nature, or as 
compounds of two substances, the one acidifiable, 
the other wag Aa and both ponderable. Ac- 


cording to the first of these notions, in which the 
acids are considered as dissolyed in water, we find no 
point at which to stop, in order to determine their 
proper weight; in the water they are only perceived 
by their effects, in other compounds they are not 
discerned: thus, nothing here hinders our consi- 
dering them as imponderable, if other circumstances 
conduct us to this conclusion. The second notion 
scems to exclude this supposition, because a known 
weight is attributed to the acidifiable and acidifying 
particles; but the foregoing experiments deprive this 
idea of all probability; it cannot explain the extra- 
ordinary changes in the freezing point, occasioned 
in the same ponderable substance, merely by the 
addition of more or less water. 


* 


VIEW OF CHEMISTRY. 65 


But to be more particular, when the Lee 
part of vital air is employed as an acidifying prin- 
ciple to produce an acid, is it a liquid, a substance 
by its nature capable of being frozen and liquified? 
Here the advocates for this theory leave us in the 
dark; we call in vain for explanation. If the pon- 
derable part of vital air, by being joined to the pon- 
derable part of inflammable air, produces water, can 
it in the same operation, the combustion of sulphur 
for instance, produce an acid? Here also we receive 
no explanation. If, in the combustion of sulphur, 
art of the vital air is used to form an acid, part with 
inflammable air to produce water, what is the ratio 
of the two portions? By what means shall we dis- 
tinguish them? What is the acidifiable substance in 
sulphur, distinct from inflammable air? The parti- 
zans of the French theory are obdurate, and will 
afford us no explanation. If, instead of this obscure 
theory, you consider the water formed by the two 
airs to be united to an acid, the whole is readily ex- 
plained, and the double flexure of the freezing point 
easily understood. 
From the crystallization of pure water we learn, 
that its simple particles are of a certain form, and 
that they tend towards each other by certain deter- 
mined sides. Now the different combinations of 
the acid with the particles of water may change the 
tendency of these to collect themselves together, 
and occasion the above- described flexures: how 
this is effected might easily be shewn by geometry, 
though it cannot be rendered a subject for these 
Lectures. | 
It does not appear, that the difference in specific 
gravity between acid liquors and water is owing to 
any ponderable substance added to the water; but 
rather to this, that the particles of water are joined 
to an imponderable substance, by whose means they 
may be brought nearer to each other without quit- 
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ting the fire of liquifaction. Now all the preceding 
phenomena confirm this theory; for they prove, in 
"general, that the particles of acid liquors may be 
. brought much closer together than those of water, 
without. losing the fire of liquifaction; and you will 
presently see, by a very clear example, that the 
causes which influence the freezing point, extend 
/ their effect to the general state of liquids, I shall 
first, however, mention another phenomenon, which 
furnishes a direct proof of the supposition before us. 
If you mix pure water with an acid liquor, the 
specific gravity of the mixture is greater than the 
mean of the specific gravities of the ingredients: a 
clear proof, that the acidity causes the particles of 
water to approach, following an increasing law 
therein; because the mean approach of the particles 
is greater than the mean acidity of the united masses. 
This is also confirmed by a simultaneous effeet, that 
is, the sudden effect of the pressure on the free fire 
of the mass, which augments the heat thereof; as a 
bar of iron is heated by forging. The preceding 
remarks on acid liquors apply so naturally to alka- 
line liquors, that it will be unnecessary to mention 
them here. In neither is there any thing which 
leads us to think, that the difference of acid and 
alkaline liquors from pure water depends on ponder- 
able particles. 5 
From the union of acid and alkaline liquors re- 
sult saline liquids, from which aſterwards by simple 
evaporation we obtain neutral salts, that is, solids of 
a certain form, which do not receive the fire of hqui- 
faction at the temperature of the atmosphere, unless 
we restore to the salt the water that was evaporated 
ſrom it. Now, if acid and alkaline liquids are no- 
thing but water modified by certain different par- 
ticles, their solid products should be nothing more 
than water itself, modified by the union of these 
particles; and this the water of crystallization di- 
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rectly authorizes us to conclude. Let us then con- 
sider this phenomenon further. In some salts, after 
the water of crystallization is evaporated, the re- 
maining mass is no . capable of being liquified 
without an addition of water; in others, the mass 
may be liquified alone by a great degree of heat. 
Now here, we only see the modifications of the ge- 
neral phenomena of this class, namely, different com- 
binations of the particles of water with certain other 
particles, which changes considerably their faculty 
of receiving the fire of liquifaction; and we even see 
these combinations of water may be such, that its 
particles refuse to receive the fire of liquifaction, in 
some cases without a great degree of heat; but even 
absolutely in other cases. | 

If, after salts have been reduced by evaporation to 
a refractory state, the water which was evaporated 
be rest with a small addition, the molecules of 
water, which form the sensible mass of the mixture, 
re- acquire the fire of liquifaction at the temperature 
of the atmosphere, and we obtain saline liquids. 

Dr. Blagden, in his paper on congelation, has 

shewn, that all liquids, susceptible of being frozen, 
would, like water, bear to be cooled several degrees 
below the freezing point without congealing. Under 
the same circumstances, acid, alkaline, and saline li- 
quors have the same property; a further proof, that 
they are the same substance differently modified. 

Saline liquors quit the fire of liquifaction sooner 
than pure water; but attended with another circum- 
stance, still confirming the idea of their being a mo- 
dification of water. When acid and alkaline liquors 
freeze, the particles of water therein are so arranged 
as not to occupy a greater space, which you have seen 
was the case with pure water; but this property ap- 
pears again in their compound saline liquids. 

Thus when the particles of acids and alkalies se- 
parately modify the molecules of water, the moment 
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that these lose the fire of liquifaction, they are 


grouped into solids, which occupy less 2 than 


was before occupied by the molecules which compose 
them; but if the particles of water are modified by 


those of an acid and alkali, they my themselves 


as if it were pure, but only slower, exhibiting only 
varieties in the modification of the same substance. 
Oils are, probably, nothing more than water modified 
by imponderable substances, among which we are to 


reckon phlogiston. | 


. 


There is no phenomenon of acid, alkaline, and 
saline liquids, which can lead us to assign a dis- 
cernible weight to any other particles but those of 
pure water. | | 

In all these phenomena we only perceive the de- 
velopement of an ancient principle of chemistry, that 
no substance can act chemically, unless it be dis- 


solved; for in order that the particles of any sub- 


stance may obey its respective tendencies, they must 
have liberty to move, and this they can only have in 
liquids and expansible fluids. The particles of water, 
from their faculty of being united with fire, are sus- 
ceptible of liquidity, and, when in this state, can obey 
either their natural tendencies, or those they may 
have acquired-by combination. It is thus. that water 


becomes the universal menstruum; that is, by it 


alone all other menstrua exist, because its particles 
will acquire as many various tendencies, as there are 
species of subtile particles to unite therewith, either 
separately or conjointly. Among the changes in ten- 
dency, which take place in the particles of water, 
there is a class of great importance in the operations 
of nature; namely, that which relates to their dif- 
ſerent aptitude of receiving, and of retaining the fire 
of liquifaction; from whence, besides different liquid 
states, they are capable of assuming a great variety in 
a solid form, the solidity depending principally on 
this, that the particles are not capable of being united 
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with the fire of liquifaction, but at a certain tempe- 
rature, or by the addition of certain ingredients. 
Salts are, hitherto, the only solids we have considered 
as produced by water; with respect to these, pure 
water, whether liquid, or as ice; is a flux, by means'of 
which they are fusible at the temperature of the at- 
mosphere, nay, even at a low temperature; but con- 
ducted by analogy, we may proceed further in the 
abstract analysis of solids. | 19 

When you consider all the solids on the surface of 
our globe, as well organized bodies, as natural fossils, 
and examine the certain and uncertain results of our 
analyses, you will not be able to trace in these bodies 
any substances ponderable in themselves, but water 
and elementary earths, taking the term elementary 
earth in a general sense. Among the substances 
which are not discernible by their weight, we have 
light, fire, electricity, acids, alkalies, phlogiston, and 
the peculiar particles of certain airs. Every terres- 
trial phenomenon seems to announce other impon- 
derable substances; and from hence you may con- 
ceive how many causes of this class are concealed 
from us by our ignorance. 3 | 

Such then are the substances by which the imme- 
diate physical eauses produce the phenomena of our 
globe; the ponderable substances are water (humor) 
and earths; the remaining terrestrial substances con- 
sist only of particles of different classes, but of such 
subtilety, that whatever be their quantity in the 
masses that we weigh, their weight has hitherto 
escaped. Water will unite with all these particles, but 
at different degrees, and acquires by the union dif- 
ferent affinities, from whence immediately result va- 
rious liquids, expansible fluids, and some solids, which 
are fusible at different temperatures of the atmos- 
phere, either immediately, or with water for their 
flux. By these combinations in different states with 
the carths, solids are produced; on which these means 
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of liquifaction have no power. All these combinations 
can only take place in liquid water, in which they 
have an opportunity of exercising their affinities: and 
when solids are formed therein, it is in certain cases, 
by the addition of some substances, and the simulta- 
neous emission of some expansible fluids. These so- 
lids are no longer solvible in the remaining fluid, and 
in order that it may dissolve them, they must be de- 
prived of their additional substances, and their expan- 
sible fluids must be restored to them. Now with re- 
spect to the greater part of the solids of our globe, as 
well as those which were formerly formed on its sur- 
face, as those which are daily forming there, these 
combinations are the great secrets of nature. 

The preceding jay} developes this ancient prin- 
ciple 5 that fire is the agent of all dissolu- 
tion. This proposition is true, but only mediately; 
for light is the first agent of every chemical operation. 
By light united to some substances hitherto undeter- 
mined, fire receives its existence. By fire, the par- 
ticles of water (humor) receive their liquidity, that is, 
the power of obeying, although contiguous to each 
other, not only their own tendencies, but those the 
acquire by the addition of other particles. By these 
additions the particles of water are more or less dis- 
posed to retain or receive the fire of liquifaction. 

Marine salt may be considered as a refractory solid, 
and common ice as a fusible solid. These two solids 
being mixed above a certain temperature, have the 

wer of seizing in common the fire of liquifaction 
at all points where they touch. This is the general 
principle of other fusions by fluxes. For experiment 
teaches us, that certain solids being mixed can receive 
the fire of liquifaction, whence the affinities of their 

ingredients have an opportunity of acting. Experi- 
ment has also shewn, that in order that they may re- 
ceive more easily the fire of liquifaction, or that in 
their common liquifaction, the solids designed to be 


VIEW OP CHEMISTRY. 71 


produced may be formed, or even separate themselves 
by a difference in specific gravity, they must be de- 
prived of certain ingredients. Now here again fire 
comes into our aid; by its agency, and that of the at- 
mospheric air, certain expansible fluids are formed, 
others are absorbed, and the solids thus torrified are 
ready to go in the furnace, and receive the fire of li- 
quifaction. | | 

ON WATER IN A STATE OF VAPOUR. 


Though I have explained in my Lectures on Fire 
the more particular phenomena that take place in the 
of water into vapour, I have also shewn you, 
that water heated to 2127, when the barometer is 294, 
flies off in vapour, and becomes an elastic fluid, at 
least 800 times more rare than air, 'This elastic fluid 
or steam is the most powerful agent that can be ap- 
plied to working of engines, where great mcchanical 
power is required. This subject being thereby ren- 
dered of the greatest importance to arts and manu- 
factures, you will not, I hope, think your time mis- 
applied in reconsidering the nature of this wonderful 
nt; the more as it will, in some respects, be exhi- 
bited under a different point of view, and with some 
circumstances which we did not before attend to. 
The quantity of fire necessary to turn water into 
steam is immensely great, as you may easily convince 
yourselves from the operation of a common still, by 
observing the vast heat received by the water in the 
worm: tub used to condense the vapour. You may 
strengthen this idea by considering, that if a vessel of 
water be placed on a good fire, and that though you 
increase the power of this fire to the highest degree 
capable by human art, yet you cannot raise the tem- 
perature of the water above the boiling point. Now 
what can become of the vast accession of fire, which 
the water in the vessel is constantly receiving. It goes 
off with the steam raised from the water, and may be 
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again obtained from it by condensing the vapour. II 
you prevent the steam from flying off, as in 1 wed 
digester, it will retain the heat it has acquired from 


the fire; where the confined water will be found s0 


hot as even to dissolve bones, and to produce such 
effects as I have already described to you. Yet this 
fire, when combined with the vapour, is as it were 
neutralized and rendered, with respect to external 
objects quiescent. 

To estimate the expansive force of water reduced 
into vapour, I know of no instrument so convenient 
as that of Mr. le Chevalier de Bettancourt.* Tt 
consists of a vessel, A, placed upon a chafing dish B, 
having one opening at ioP, to which a curved baro- 
meter, K g r, 1s adapted, and another to which a 
thermometer, Zh, is fitted, and a third with a 
cock, ab; these are, you see, so disposed, that when 
the cock is shut there is no communication between 
the interior space and the exterior air. 

When the cock, à b, is open, and the water is not 
heated, the mercury will, of course, be at an equal 
height in each of the branches m, m. If the air be 
then exhausted from the large vessel A, and the cock 
be shut, the mercury will rise from m to & in one 
branch, and descend from m to & in the other; so that 
the water being supposed to be at the freezing point, 
the difference between & and & will be 28 inches. 

Let the water be heated rapidly, and you will per- 
ceive the first signs of its ebullition by its striking 
against the vessel, which it will do with so much force 
as to shake the whole apparatus; at the same time the 
mercury in the thermometer, 7 , will rise, and that in 
the barometer, K, will fall; and when the mercury is at 
the same height in each leg of the syphon, the ther- 


mometer will be at 212”, the pressure of the steam at 


* See fig. 11, of plate 6, vol. i. I have before observed, that the 
Lectures on Water were originally designed to make a part of the 
first volume. 
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this temperature being an exact counterballance to 
the weight of the atmosphere. If you now increase 
the heat of the water, the mercury will rise in the 
branch on which the air presses, and descend in the 
other; the difference will depend on the temperature 
of the water, or increased expansive force of the 
steam. If you add to this difference in the two co- 
lumns of mercury, the height of the mercury in a 
common barometer, their sum will express the height 
of a column of mercury, representing the expansive 
force of the steam. The difference in the level must 
be used positively or negatively, according as the 
thermometer is above, or under 212. 

There is no occasion for two barometers; if the 
open end of this was sealed, it might then be filled 
like a syphon barometer. 

With this apparatus Mr. Betiancourt made a va- 
riety of experiments, the results of which are given 
in the following table. 


TABLE. 

Degree of Reaumur's thermometer. Expansive force, 
. 1 5 0.00 
TT I PO IO OT 8 0.15 
NO TO ²³*WW.. x TY TY 0.05 
VTV ͤ » . res 1.52 
OO OPT CI (Tb „ß 2.92 
TT ͤͤ ˙.mw ; 5.35 
EE er IG ett ered 9.95 
| papa puny 14.50 
EEE uot ode not cen nasgeoarteds 10.90 
VVV . 28.00 
— (x 46.40 
yyy; ͥ c 26> 00 57.80 
PJ. Am ˙ͤ i¼t —.,ʃ 71.80 
TJ ²ðͥvw.1¹. TY TIT Ty . - » 84.00 
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When vapour is exposed to a great heat, its bulk, 
as you have seen, is considerably augmented; at 
2127 water is only rarefied to 26; but with the same 
degree of heat vapour is expanded to 13 or 14000 
times the volume which it occupied as water. Of 
wn # tem may easily assure yourselyes, by taking a 
glass tube with a ball at the end thereof, two inches 
diameter; let a drop of water pass into the ball of 
one line diameter; the solidity of these two spheres 
will be to each other as-13824 to 1. Heat the ball 
so as to convert the water into vapour, and it will 
fill the whole sphere, and force the air out of the 
ball, as you will find by immerging the end of the 
tube in water, a little warm, lest the sudden appli- 
cation of cold should burst the ball; and, in propor- 
tion as the vapour is condensed by cold, the pressure 
of the atmosphere will force the water into the ball, 
so as to fill it entirely; proving thereby, that the va- 
pour had forced the air out of it, and assumed a bulk 
14,000 times larger than it occupied as water, 

It is impossible to give you an accurate idea of a 
steam-engine without a model. I shall therefore 
content myself, in this place, with laying before you 
a few of the general principles on which it acts. It 
has been shewn you in the Lectures on Air, that the 
pressure of the atmosphere, at a mean, may be esti- 
mated at 14.8 pounds avoirdupois for every square 
inch. 

If, therefore, a vacuum be by any means made in 
a cylinder, which is furnished with a moveable piston, 
suspended at one end of a lever, or ballance-beam, 
the pressure of the atmosphere will press down the 
piston with a force proportionable to the area of the 
surface, and will raise an equal weight at the other 
end of the beam. | 
Water, as you have scen, may be rarefied near 
14000 times, and was capable of forming a vacuum 
by a degree of heat capable of keeping water in a 
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boiling state: by increasing the heat you have also 
seen, that the expansive force of the steam may be 
rendered much stronger. The steam may be con- 
densed, or reduced to water, by a jet of cold water 
dispersed among it, so that 14000 cubic inches of 
steam may be reduced into one cubic inch of water 
only, and thus a vacuum is partly obtained. 

Though the pressure of the atmosphere be about 
14 pounds upon every square inch, yet on account 
of the piston of the several parts, of the imperfection 
of the vacuum, the piston in the common engines 
does not descend with a force exceeding eight or nine 
pounds upon every square inch of its surface. In 
Mr. Watt's improved engine, are about twelve 
pounds and a half upon every square inch. 

The piston being pressed by the atmosphere with 
a force proportionable to its area in inches, multiplied 
by about eight or nine pounds, depresses that end of 
the lever, and raises a column of water in the pumps 
at the other end of the beam equal to that weight. 
When the steam is again admitted, the piston is 
forced up by its expansive power, and the pump rods 
sink; but when the steam is condensed, the piston 
descends, and the pump rods rise; and so alternately 
as long as the engine works. 


M. DE LUC's THOUGHTS ON THE STATE OP AQUE-=- 
OUS VAPOUR IN THE ATMOSPHERE, AND LAWS 
OF EVAPORATION. 


As no person has paid so much attention to me- 
teorology and the branches of philosophy relating 
thereto, as M. de Luc, I should not think I had given 
you an accurate idea of this subject without laying 
before you the result of his experiments and observa- 
tions; and I may venture to assert, that you will 
make very little progress in this part of philosophy, 
unless you are master of his principles. 
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M. de Luc's notions concerning rain were first 
changed from an observation on the glacier de Buet, 


of a degree of dryness in the air, absolutely unknown 


in the valley at the same temperature. This obser- 
vation, followed by others, led him finally to con- 
clude, “ that rain does not proceed from the mois- 
ture which existed in the atmosphere prior to the 
formation of the rainy clouds.” 


By experiments with his hygrometer he has shewn, 


that air may be entirely deprived of the immediate 


product of evaporation; the consequence of which 1s 


absolute dryness. The same instrument shews, that 


this product of evaporation has a maximum, variable 
with the temperature, but constant under the same 
temperature. The hygrometer 1s fixed by these two 
States of air; no method of drying or of moistening 
make it pass beyond these boundaries, which thus 
become the extremes of a scale, referring to a total 
cessation or maximum of moisture. 

In the same hands, the hygrometer has served to 
fix our ideas of the cause by which water simply 
evaporated in air may be precipitated. These causes 
are the same with those which in air, where the 


quantity of water evaporated does not change, occa-. 


sion an. augmentation of humidity, the necessary 
forerunner of the precipitation of water. Experience 
points out two, and only two; the condensation of 
air, or its being cooled. Some philosophers have 
thought that humidity was increased by rarefying 
the air; forming their opinion from those experi- 
ments, where the air in a receiver, on being rarefied, 
produced a mist or fog. Messrs. Wilcke, Nairne, 
and de Saussure haye shewn, that if care be taken to 
exclude from the apparatus every fresh source of 
evaporation, the rarefaction of air promotes dryness. 
The phenomena on which the contrary hypothesis is 
founded, arise from water left in the apparatus, and 


the mist is produced by the acceleration of evapora- 
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tion in the rarefied air, and the instantaneous cool- 
ing of the space containing the air. The water 
which evaporates, preservirſg sensibly the same heat 


which acted on it before, fills the receiver with va- 


pours more dense than the maximum relative to the 
momentary diminution of temperature, consequently 
they precipitate themselves suddenly. Thus this 
theory corresponds with the phenomena of the pre- 
cipitation of water by the rarefaction of air, which is 
unaccountable on the supposition of the dissolution 
of water by air: for, in the latter hypothesis the par- 
ticles of water are united by affinity to the particles 
of air. But neither the theory of affinities, nor any 
fact concerning them, authorizes us to believe that 
two substances thus united should acquire a ten- 
dency to separate, because the particles of the mix- 
ture were removed to a greater distance from each 
other; a circumstance, which, as it lessens their ten- 
dency to each other, ought to give them a better 
opportunity for exercising their affinity to water. 

Humidity cannot, therefore, be increased by this 
cause, since the augmentation of humidity would be 
a sign that water was separating itself more efficaci- 
ously from the particles of air. Now, in M. de Luc's 
theory, when an aqueous fluid mixed with air pro- 
duces moisture therein, this moisture must be di- 
minished by rarefying the air. And this is really the 
case; for there is less water in the receiver after a 
portion of the vapour has been pumped therefrom. 
The temperature is soon also re-established by the 
fire, which passes through the receiver to supply 
the place of that which was carried away with the 
vapour. 

Rarefying the air, when the quantity of evaporated 
water remains the same, is therefore a cause of dry- 
ness instead of humidity. Now, with respect to the 
other cause of an increase of moisture, the condensa- 
tion of the air, it cannot be supposed in the atmos- 
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phere; there remains, therefore, but one cause by 
which we can account for the precipitation of water 
which is evaporated in open air, namely cold: and 
from time immemorial those who have endeavoured 
to explain rain by this cause, have had recourse to 
strata of air in motion, which were more or less 
warm than those they met; but this explanation is 
also chimerical. 

When, in a given mass of air, the evaporated 
water is at its maximum in a given temperature, if 
the heat be increased, the particles separate further, 
and the air will contain more water. If the particles 
are brought nearer together, the water superabounds, 
and the excess is precipitated. These facts are cer- 
tain. Now let us suppose two strata of air of diffe- 
rent temperatures meeting each other, each of them 
containing evaporated water at its maximum for the 
respective temperatures; the warmer stratum will 
lose its heat, and consequently its superabundant 
water; but the other stratum will acquire this heat, 
and be therefore capable of receiving this supera- 
bundant water. 

When M. de Luc and his brother were at the bot- 
tom of the glacier de Buet in 1770, it had rained for 
some time, the valley and neighbouring mountains 
were imbibed with water. There was also a very 
great evaporation from the ground of these moun- 
tains, which was increased by the quantity of melt- 
ing ice. They, however, experienced a degree of 
dryness unknown at the same temperature upon the 
plains. Two years after, returning to the same 
place with an hygrometer, they found that the hu- 
midity diminished as they rose; and, when they 
arrived at the summit where the ice was beginning 
to melt, they found that same extraordinary dry- 


ness, which had so much struck them on their first 
visit. 
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While they were upon the glacier, dry as it 


er seemed to be, some clouds began to form in the 
ad stratum where they were situated; they rolled first 
ed about the mountain, but they soon were formed 
to throughout the whole stratum, extending to a great 
88 distance towards the plains, and increasing with such 
is rapidity, that M. de Luc and his brother thought it 
prudent to descend: the hygrometer still advanced 
2d towards dryness. Soon after their departure from 
if the glacier, it was covered with clouds, and before 
r, they had attained their lodging, there was a heavy 
2s rain from the very stratum, which a little before was 
8. 80 exceeding dry; the rain continued during the 
r whole night, and part of the next day. 
— M. de Saussure has confirmed these observations 
n of M. de Luc by many more, which all tend to prove 
e the great dryness of the atmosphere in these superior 
[l regions. 
t The water which 1s at the lower part of the atmos- 
A phere is continually evaporating and rising in the air, 
- but this evaporation does not increase the moisture 
therein; for, in a dry season it goes on diminishing, 
- the ground at last becomes dry, the vapours discon- 
r tinue, and the dew ceases every where but near the 
$ water. This phenomenon does not however appear 
7 surprizing to those who imagine that the evaporated 
- water is collected in the higher regions, where the 
clouds are formed. But this 1dea must be aban- 
f doned, for we now know that in serene weather, 


before the clouds are formed, and even among the 
clouds, the upper regions are at least as dry as the 
lower part of the atmosphere, in its greatest degree 
of dryness, at the same temperature. These clouds 
are not therefore formed from the moisture of the air. 
The immediate product of evaporation in some man- 
ner changes its nature in the atmosphere, for it does 
not sensibly affect the hygrometer; and its return 
to a state of aqueous vapour, to produce clouds and 


80 DE LUC's THOUGHTS, &c. 


ignorant. 

Of the various hypotheses to-resolve this difficulty, 
that of M. de Luc is the most probable, who sup- 
poses that the aqueous vapours are turned in the 
atmosphere into an aeriform fluid, and that rain 

eeds from the decomposition of this air. On 
this hypothesis it is easy to perceive why the hygro- 
meter is not affected by the quantity of water that is 
often existing in the atmosphere. 

The difference between water as vapour and as an 
aeriſorm fluid, consists in this; that in vapour the 
union of water with fire is very weak, and is casil 
destroyed by pressure or cold; but, by the addition 
of another substance, it loses these properties and 
becomes an aeriform fluid. There are many reasons 
for supposing that a variety of aeriform fluids are 
included in the atmosphere, which, by resisting the 
operations used to dimmish the atmosphere, are un- 


rain, proceeds from some cause of which we are 


known to us. Now, the operation of these, or of 


other substances in the air, may decompose water 
considered as an aeriform fluid, and thus occasion 
rain.“ 

The variations of the barometer scem naturally to 
lead us to some such conclusion; for, when the 
barometer falls as a sign of rain, it is from a change 
in the specific gravity of the air; but Messrs. de Luc 
and de Saussure have proved, that there never is 
a sufficient quantity of vapour in the atmosphere to 
occasion the difference produced by this instrument. 
There are many other phenomena which are not 
accountable on the usual principles, and conduct us 


to look for some further change in the theory of 


the atmosphere. 


* The reader must be referred to M. de Luc's Letters, to learn 
why the French theory of the decomposition of water does not 
apply to this case. 
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M. de Luc here, as before, considers moisture in 
the air as the modiffeation of a particular fluid, con- 
sisting of water and fire, mixed with the air, bin 
independent thereof. eee 

He also considers evaporation, which occasions 
this moisture, as an VER of fire without'the * 
interference of air. | 0 7 

That it is an operation of fire, is duale for every 
liquor cools when it evaporates, because the portion 

of the fluid that disappears carries away a N e 
of fire from the liquor. 

Mr. Watt has shewn, that in the e evapo- 
ration of water in the open air, the quantity of heat 
lost by the mass, bears to the quantity oft water car- 
ried away, a greater proportion than that whioh is 
found in the steam produced by "boiling water. 
There i is, therefore, no room to doubt that Steam is 
formed in the first as in the last case. 

Whenever water is in a state of evaporation, an 
expansible fluid composed of water and fire is pro- 
duced. To this fluid M. de Luc gives the name of 
steam. I use this and vapour indifferently. 

As long as steam exists, it exerts a power of pres- 
Sure like air itself; but it does not belong to the class 
of permanent elastic fluids, as it may be decomposed 
either by pressure or by cooling. 

There is, as you have seen, a material difference 
between what are called permanently elastic fluids 
and steam, or the vapours of water; the former will 
undergo every known degree of atmospheric pressure 
without being decomposed; but vapour is decom-: 
posed by too great a pressure. The particles of the 

water, being thereby brought nearer together, unite, 
and quit the fire, which in passing from them ma- 
nifests its usual properties. 
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Permanently elastic fluids cannot be decomposed 
in vessels hermetically sealed, because they are 
thereby prevented Rom receiving the action of the 
bodies with which they have a ter affinity than 
with those which support them Fan aeriform state; 
hutisteam or watery vapours may be decomposed in 
vessels hermetically sealed, from that tendency of the 
fira with which it is united, to an equilibrium; thus, 
when:the exterior heat diminicdes, the fire quits the 
water to re-establish the equilibrium of temperature. 
It the fire becomes sufficiently abundant on the out- 
side, it re-enters the vessel, and vapours are again 
formed. 

As the expansive property of vapour depends, every 
other eircumstance being the same, on fire, it is 
greater in proportion as the particles contain a 
greater quantity. 

It appears, that steam is decomposed either by 
pressure or by cooling; because at a given tempera- 
ture it has a certain fixed maximum of density, 
which increases with the temperature. 

Thus, when the fluid is arrived at the maximum 
correspondent to a certain temperature, it will be 
decomposed, _—_ b _ cooled, its maximum 


ong. too me ure, or it will be 
by an 9 pressure without any 


en af temperature; for here its density is too 
great for that temperature: in either case, the water 
is separated from the fire, which supported it as 
Steam. 

- The degree of pressure or expansive ſorce exer- 
ciged by stcam, or which it can support without 
decomposition, depends on temperature, and is pro- 
partional to its density. 

Steam is formed at every temperature where a 
previous space permits its expansion; but no steam 
can be formed where it has to overcome an obstacle 


superior to its expansive power at that degree of 
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temperature; and if it be formed, because the obsta- 
cle or pressure did not exceed its power, yet if the 
essure increases, or the temperature lowers ever 
so little, it is totally decomposed. WET OT 
It is these circumstances that determine both the 
degree of heat at which water begins to boil, and 
the variations of that degree, according to the vari- 
ations of pressure; for ebullition is that state of a 
liquid in which steam is continually formed within 
itself, notwithstanding the external pressure; and to 
produce this expansive power in steam, a certain 
degree of heat is necessary in the fluid, whieh is 
determined by the degree of pressure. As for the 
fixity of the degree of boiling water under a constant 
pressure, it is —— by the equilibrium between 
the quantity of fire which continues to penetrate the 
water, and that which goes off in steam; the diffe- 
rences which may happen in the quantity of fire that 
penetrates the water, having no other sensible effect 
than that of producing a more or less rapid forma- 
tion of steam. | | 

From hence we may & ym 06x the difference be- 
tween the phenomena of common evaporation and 
ebullition. Ebullition requires a determined de 
of heat, because the steam cannot be formed within 
the water, unless it is sufficiently strong to overcome 
the actual pressure on the water: but in common 
evaporation, the steam and vapour is formed at the 
surface of the water by every degree of temperature; 
for it meets with no resistance, but what it can al- 
ways overcome; it mixes only with the air, and this 
it expands in proportion to its quantity, in the same. 
manner as if it were a new quantity of air. 

The steam ſormed by common evaporation is of 

the same nature with that of boiling water; but, 
with respect to the pressure it undergoes, it is simi- 
lar to that produced by evaporation under an ex- 
h austed receiver. Under the exhausted receiver, 
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the resistance the steam meets with is from itself, 
and is 'consequently: proportional to its own expan-» 


sive power. In open air, the part of the whole 


pressure incumbent on the steam is to that whole, 
as its power is to that of the whole mass, the rest of 
the pressure being supported by the air with which 
it is —— which proportion in the pressure steam 
undergoes, brings it exactly to chat of the 3 


is proved by experiment. 


[When the thermometer is at 65, the maximum 
of evaporation in an exhausted receiver, æ supports 
0.5 inch of mercury in the short barometer gage. 


That the evaporation in vacuum has the same cause 


as in open air, is clear from the loss of heat by the 
liquid in this case, as well as the other: an equal 
pressure is also produced, and added to that of the 
air, when the receiver is filled with air, as will ap- 
peat by the following example: 

If the thermometer be still about 95, r the 
receiver be filled with air of the same density as 
that in the room, a barometer placed in that receiver 
will stand at the same height as in the open air; If 

a sufficient quantity of water be introduced for pro- 
ducing the maximum of evaporation, . the inclosed 
barometer, hike the gage, will rise 0.5 of an inch. 
Nov, as the barometer is in every case a mano- 


meter, the phenomena observed in close vessels give 


us a true idea of what happens to steam in the at- 
mosphere. When steam is mixed with air, be the 
mass shut up in a vessel, or be it in a certain part 
of the atmosphere, distinct by its place, both fluids 


will act on the barometer, or on every obstacle, and 


thus against each other, according to their respec- 
tive power; because no mechanical cause can pro- 
duce the decomposition but by forcing its 
h other, than is cons1s- 
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tent with the temperature by which they are sup- 


ed: which case cannot happen in the atmosphere, 
except by the accumulation of steam in some part of 
it; since elsewhere it only remains mixed with the 
air, according to its own laws, as if there were no air. 
M. de Luc considers the whole theory of hygro- 
logy a science, whose objects are, in general, the 
cause of evaporation and the modifications of evapo- 
rated water, as comprehended in the foregoing pro- 
The common source of the water thus disseminated 
in the atmosphere, is the surface of the earth; whence 
in spontaneous evaporation, both in air and in vacuo, 
as well as in ebullition, we see water carrying off 
latent fire. Bs | unc 
If the product be collected in a close space, it acts 
in the same manner as a new quantity of expansive 
fluid. | | 
It is known by experience that an expansive fluid 
is really produced by ebullition, and by evaporation 
in an exhausted receiver; and no good reason can 
be assigned to shew why the cause of evaporation 
and its product should change in any case or by 
the presence of air; and on examining what may 
happen in open air, we find no particular cause of 
the destruction of that expansible fluid, or any diffi- 
culty in conceiving its dissemination in every part of 
the atmosphere. | 2 
Here we lose sight of steam; for watery vapours 
are not discernible of themselves, and it is on this 
account they are not perceived in the atmosphere. 
Mixed therewith, they are not to be distinguished 
from it, because they are as transparent as itself. In 
a vacuum they would be taken for an elastic fluid, 
if we judged of them only by their mechanical ef- 
fects, without subjecting them to a chemical ana- 
lysis. In the air, their mechanical action is as. little 
Perceiyable as that of any scattered particles of ai; 
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and we should be ignorant of their function in the | 


atmosphere, r 


ducing moisture. © 


OP VESICULAR AND CONCRETE VAPOUR. 


When vapour or steam is decomposed, 1 10 be 

contiguous to substances whose heat is less than its 
own, the fire quits the 
posited on the surface of the body in the form of 
dew and in drops. When the heat is as low as 
congelation, the vapours are crystallized and depo- 
sited in regular and curious forms. 
If there are no substances contiguous to the va- 
pours in the air the particles of water unite, and 
ſorm either spherical solid drops, hollow aſs ares, or 
congealed icicles. 

The solid drops unite and form rain. The icieles 
are the first elements of snow; but as they are often 

minute, and remain suspended in the air, where 
they produce different meteors, M. de Suusture ranks 
them in the class of vapour, and gives them the name 
of concrete vapour. 


The existence of the hollow spheres or vesicular 


vapours has been often supposed, before philosophers 
were able to exhibit them to the senses. The sim- 
plest and most instructive manner of observing thein, 
is to expose a cup of some warm aqueous fluid of a 
dark colour, as coffee or water mixed with ink, to 
the rays of the sun on a fine day, when the air is 

calm; a cloud will rise from the fluid to a cer- 
tain height, and then disappear. An attentive eye 
will soon discover that this cloud consists of small 
round grains, of a whitish colour, and detached one 
from the . To mie a more distinct idea of 


* See M. de Luc's paper in the second part of the Philosophical 
Transactions for * 


r, and the water is de- 
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their form, you may observe them as rise from 
the surface of the liquor, with a lens o ' about one 
inch and an half focus; being careful, however, to 
keep the lens out of the vapours, that they may not 
deprive it of its transparency. 

Nou ou may thus observe epharicad. balls of different 
sizes proceeding from the surface with more or less 
rapidity. The more delicate rise with rapidity, and 
800n traverse the field of the lens; the larger fall 
back into the cup, and, without mixing with the 
fluid, roll upon its surface like a light powder, 
which obeys every impulse of the air, and are blown 
from one edge of the cup to the other, even when there 
is no apparent agitation in the air. These globules 
may be seen on a sudden to begin to move, the 
smallest rising by an agitation of the air impercep- 
tible to our senses, flying off and disappearing, 
whilst the largest remain rolling on the surface 
without quitting it; at other times, you sce some 
of them, which were suspended in the air, descend 
to the surface, and there reel a while like pigeons 
on a ground fresh sown, then on the smallest agita- 


| tion 2 in and fly away. 


The lightness of these ſl spheres, Weir whit- 
ness, &c. * them an appearance altogether diffe- 
rent from solid globules; their perfect resemblance 
to the larger balls that are scen floating on the sur- 
face of the liquid can leave no doubt of their nature; 


it is sufficient to see them, to be convinced that 


they are hollow bubbles, like those blown from 
water and soa 

Mr. Kyatzenstcin endeavoured to estimate their 
size, by comparing them with an hair, and found 


they were twelve times smaller than the hair, whose 


diameter was the 300th part of an inch, and conse- 
quently one of these was N 11 3600th wn of 
the same measure. 
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To observe them more readily, M. de Saussure 
used a kind of eolipile, formed of two balls, i. e. a 
glass tube sealed at A, plate 5, fig. 10, vol. i. open 


at D; the two balls communicating with each other, 


and the opening or neck D. He let some drops of 
water pass into the ball B, and placed it over the 
flame of a spirit of wine lamp; spirit of wine was 
used that the balls might not be obscured: as soon 
as the water is sensibly heated in the ball B, the 
ball C being yet cold, you may see the vapours from 
the ball B enter into the ball C, and there condense 
themselves in the form of a cloud, which is entirel 
composed of these vesicles; but when the water boils 
in B, the torrent of elastic vapours that enters C 
warms this ball, and the vapour being no longer 
condensed, neither cloud nor vesicles are seen; it 
becomes perfectly transparent, and the jet proceeds 
from the neck B, as from an eolipile. If yon then 
remove the eolipile from the flame, and cool, by 
means of cold water, the ball C, the vesicular va- 
pours will again appear: by placing this ball on the 
stage of a microscope, you may observe these vapours 
with the greatest convenience. | | 

You may even sometimes be able to observe them 
in a fog, or in a cloud when on a hill: to this end 
M. de Saussure used a lens of one and an half or two 
inches focus, which he held near his eye with one 
hand; in the other, he held any smooth, flat, and 
polished surface of a black colour, as the bottom of a 
tortoiseshell box; bringing this towards the lens, till 
it was very near the focal distance thereof, he then 
waited till the agitation. in the air brought some 
particles of the cloud into the focus of the lens; 
when the cloud was thick this soon happened, and 
he perceived round and white particles passing with 
the rapidity of lightning, others moving slowly, 
some rolling upon the surface of the tortoiseshell, 
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others striking against it obliquely; and rebounding 
like a ball from a wall, others fixing themselves 
thereto. Small drops of water might also be per- 
ceived to settle on the tortoiseshell; but they were 
easily distinguished from the hollow spherules by 
their transparency, their gravity, and their pace. 
Further, clouds do not form a rainbow; it is pro- 
duced by solid drops: when a cloud is not in an 
actual state of resolution, it does not change the 
form of the stars that are seen through it, for infi- 
nitely thin meniscusses do not sensibly change the 
course of the rays of light. But as soon as the cloud 
begins to resolve itself in solid drops; even without 
clouds, when solid drops begin to be formed in the 
air, the stars scen through them are ill- defined, 
surrounded with a diffuse light, circles, and halos; 
hence these meteors are the forerunners of rain, for 
rain is nothing more than these drops augmented 
or united. When the vesicular vapours are con- 
densed by cold, the water which formed the bubble 
crystallizes, sometimes into hoar frost, sometimes 
into snow; when it does not freeze, they unite in 
dew or descend in rain. Many other curious pro- 
perties concerning the vesicular and concrete va- 
pours are related in M. de Saussure's excellent Essai 
sur l'Hygrometrie. res 


OF MINERAL WATERS. 


A full investigation of the properties of mineral 
waters is the subject of chemistry; but, since the 
discoveries of Dr. Priestley, it has so much analogy 
with philosophy, that I cannot pass it over entirely 
in silence. ned erf ii V ter 

The name of mineral water is in general given to 
any water which 1s found to be so loaded with fo-. 
reign principles as to produce a different effect on 
the human body from that which is produced by the 
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waters commonly used for drink. Our ancestors 
were particularly attentive to procure wholesome wa- 
ter; it was this that determined where they would 
unite together, and regulated their choice of the 
Situation of houses. Hippocrates, the father of me- 
dicine, was well acquainted with the influence of 
water upon the human frame, and affirms, that the 
mere quality of the usual drink is capable of modiſy- 


ing and producing a difference amongst men. 


When we consider, that many of the ancient 
philosophers supposed that all things were originally 
derived from water, it is evident they must have 
had an extensive view of the operations of nature. 
We see that it produces dew, clouds, rain, snow, 
and other meteors; nor can we help observing how 
every vegetable, and every animal, rises out of it. 
When we chemically examine the materials of which 
animal and vegetable substances are composed, we 
find water to be a principal ingredient. Nothing 
then remains but the solid and inanimate parts of the 
globe; the various earths, rocks, stones, and mi- 
nerals, of which the dry land and vast mass of moun- 
tains are composed, even these, the more we examine 
them the more we have reason to think, derive their 
origin from water. 

In marble, calk, and lime-stone, we find e 
traces of the sea; we cannot rationally think other- 
wise of these strata, than that water has been greatly 
concerned in their origin. And further, as we find 
these strata irregularly mixed with the hardest rocks 
both above and below, we must consider them as 
springing from the same source. On examining the 
rocky strata, you will find marks which plainly point 
out that they originate from the sea. Thus the strata 
of free-stone, which are very extensive, evidently 
shew from their appearance, that they were originally 
sen sand; they are divided into small strata, and 


are distinguished into horizontal layers, and have the 
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same undulated surface as the sand of the sea shore. 
Flinty substances seem to form the strongest ob- 
joctions to this system, as they resist the action of 
water as much as any substances in nature: but there 
are many phenomena in nature which shew, that 
calcareous earth is convertible by length of time into 
a flinty matter; and marine shells are not unfre- 
quently met with, which have lost their calcareous 
nature, and are converted into the hardest and purest 
flint. In bitumen and coals we find evident traces 
of a vegetable origin. 

The analysis of water is not only useful in a phy- 
sical point of view, but also as an object of medicine, 
in order to determine whether any water is useful, 
to know those which possess medicinal virtues, and 
apply them to the uses to which they are suited; or 
to appropriate to different works and manufactories 
the waters best calculated for their respective pur- 

to correct impure waters; and, lastly, to imi- 
tate the known mineral waters at all places, and at 
all times. Whether you consider mineral waters 
with respect to their formation, or the benefit which 
accrues from them, we have reason to estimate them 
as precious gifts of Divine Providence. But it is 
with these as with many other blessings, we are too 
often heedless and ungrateful. © How many, for 

whom the wonders 3 providence, and 
redemption, have been wrought, that think them 
not worthy their attention! Angels admire and adore, 
where man will not deign to cast an eye, or employ a 
thought.“ 

The mineral waters are divided into different 
heads, according to the substances they contain: 

1. The acidulous, which contain an aeriform fluid, 
which gives these waters a briskness like that of a 
fermenting. This briskness is most apparent when 
che water is poured from one vessel to another; it, 
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is sometimes so considerable as to burst the bottle, 


Tbey redden the tincture of turnsole;'and precipitate 


lime water. 

2. An acid is sometimes found in the waters of 
springs, giving them a very sensible acidity; this 
generally arises from the vitriolic acid: this acid has, 
however, in general, so strong a disposition to unite 
with the various substances through which the water 
of a spring passes, that it is seldom found i in a bepe- 
rate state in the water. 

3. An alkaline salt is sometimes met with in wa- 
ter; this is in general the fossil alkali. 

4. Neutral salts. Of these, those that are most ge- 
nerally found are common salt, and sometimes nitre. 

5. Earthy substances. Of these the calcareous is 
sometimes found. There are mineral waters which 
contain so much calcareous earth, as 00 become or 
trityi ying to other bodies. | 
6. Earthy compounds. Thus you may often find 
caleareous and other earths suspended in water by 
means of an acid. Thus gypsum is contained in al- 
most all waters, Epsom salt is found in great quan- 
tities, and alum is sometimes to be met with. 

7. Sulphureous waters. These waters have been 
long considered as holding sulphur in solution; but 
Bergman has proved, that most of these waters are 
more impregnated with hepatic gas: this class is 
known by emitting the smell of rotten eggs. 

8. Martial waters. These have a very astringent 
taste, and exhibit a blue colour by the solution of 
precipitate of lime. The iron is held in solution 
either by fixed air, or the vitriolic acid. 

Sometimes the acid is in excess, and the waters 
have a penetrating sub- acid taste, as Fyrmont and 
Spa water. 

Sometimes the acid is not in excess, and the wa- 
ters are not acidulous, 


2 
. 


OF MINERAL WATERS. 93 


In chemical writers you will find the method of 
analyzing these different waters.“ When the ana- 
lysis is well made, the synthesis is no longer difficult. 
And the imitation of mineral waters is now no in- 
soluble problem. The processes of nature are in- 
imitable only in those operations that are vital. In 
this instance we can do more than imitate, we can 
vary at pleasure the nature and proportion of the 
constituent parts, and give them, as circumstances 
require, more or less energy. In artificial waters the 
ingredients are known, while the ingredients of wa- 
ters in their natural state are always unknown. 

That which Dr. Johnson has observed of a poet is 
equally applicable to a philosopher. To him nothing 


can be useless. Whatever is beautiful, and what- 


ever is dreadful, should be familiar to his mind; he 
should be conversant with all that is awfully vast, or 
elegantly little. The plants of the garden, the ani- 
mals of the wood, the minerals of the earth, and the 
meteors of the sky, should all concur to enrich his 
mind. By him no kind of knowledge should be 


_ overlooked, he should range mountains and deserts, 


explore every tree of the forest and flower of the 
valley, the crags of the rock, the mazes of the 
stream, and the great wide sea, with its unnumbered 
inhabitants; he will find them all | 71 


O peak their Maker as they can, 
But want and ask the tongue of man. 


The present Lecture has afforded you fresh in- 
stances of the wonders and variety, the harmony and 


magnificence discoverable in the works of God. 


There is not, for instance, in nature, a more august 
and striking object than the ocean, Its inhabitants 
are as numerous as those on land; nor is the wisdom 


* To the Appendix to this Lecture, I have added an useful and 
approved method, extracted from an eminent author, Epir, 


94 o MINERAL WATERS 


and power of the Creator less displayed in their 


formation and preservation, from the smallest fish 
that swims, to the leviathan himself. Nor is there 
any image which gives us a grander idea of the 
power and greatness of God, who hath this raging 
element so much under his command: hence he is 
represented in holy writ, as holding. it in © the hollow 
of his hand.“ 5 | 

There the creatures of God multiply in a much 
greater proportion than by land, and are maintained 
without the cost or attendance of man; they are a 
singular flock, which have no shepherd but the 
Creator himself, who conducts them at different 
seasons in innumerable shoals to supply the world 
with nourishment. | ffi, 

By means of navigation Providence hath opened 
a communication between the most distant parts of 
the globe; the largest solid bodies are wafted with 
incredible swiftness upon one fluid by the impulse 
of another, and seas join the countries which they 
appear to divide. al oP ers 5 

The waters of the sea are not only prevented from 
destroying the carth, but Js a wonderful machinery 
are rendered the means of preserving every living 
thing which moveth thereon. Partly ascending 
from the great deep through the strata of the earth, 
partly exhaled in vapour from the surface of the 
ocean into the air, and from thence falling in rain, 
especially on the tops and sides of mountains, where 
they break ſorth in fresh water springs, having leſt 
their salts behind them; they trickle through the 
valleys, receiving new supplies as they go; they be- 
come large rivers; and, after watering by their innu- 
merable turnings aud windings immense tracts of 
country, they return to the place from whence the 
came. The fertility of the earth is owing to God, 
* who watereth the hills from his chambers.” 
Hence all the glory and beauty of the vegetable 
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world; hence the grass that nourisheth the cattle, 
that they may nourish the human race; hence the 

n herb for food and medicine; hence fields co- 
vered with corn for the support of life; hence wine 
and olive trees laden with — 


its, whose juices exhi- 
larate the heart, and brighten the countenance. 


APPENDIX TO LECTURE XIV. 


BY THE EDITOR. 


CONTAINING A DESCRIPTION OF AN APPARATYPES, 
USEFUL IN THE MAKING INFLAMMABLE, &Cc. 
AIRS, AND EXHIBITING THEIR CURIOUS , EF- 
FECTS. A DESCRIPTION OF THE NEW PHI- 
LOSOPHICAL, OR INFLAMMABLE AIR LAMP, 
METHOD OF ANALYZING MINERAL WATERS; 
A LIST OF FLUID TESTS, THEIR RE-AGENTS, 
AND FLUXES, NECESSARY THERETO, AND FOR 
EXAMINING MINERAL BODIES; AND A LIST 
OF CHEMICAL PREPARATIONS FOR PERFORM- 
ING MANY AMUSING AND INSTRUCTIVE EXPE=- 
RIMENTS. 


Ovx Author having planned every Lecture to such 
an extent, as to employ time sufficient for the reader 
to consider as one Lecture; and as a further de- 
scription of some apparatus, and account of experi- 
ments, may add to the information of many young 
readers, I have thought it best to insert them here. 
They are of an entertaining nature, and, with be- 
ginners, will serve to illustrate much of the theory 
in an impressive manner. | | 


ee 


INFLAMMABLE AIR APPARATUS, 


< 


For merely the production of inflammable, &c. 
airs, and the introducing them into glass jars, or other 
vessels, there is no article more convenient than the 
bottle with a bent neck, shewn at a, plate 6, fig. 1. 
But as such are very subject to be cracked or 
broken, and not sufficient to retain the air when 
made, I prefer, and recommend the bladders with 
brass stop-cocks and pipes, such as is represented 
at plate 7, fig. 5. By these, the airs may be kept 
for any length of time, and when desircd, transferred 
or compounded in any manner, suitable to the pur- 
poses of the operator. The following description 
will give the reader an idea of what I think is the 
cheapest and readiest of any hitherto constructed: 

A, rat 7, fig. 9, represents a common stone or 
carthen jar, in which the materials for making the 
inflammable air are to be placed; some iron filings, 
or, what is best, clean iron turnings; oil of vitriol, 
and about three or four times that quantity of water, 
are the generally allowed proportions for producing 
the air; the vitriol to be put in last; a common stout 
wine bottle or glass decanter may also serve, when a 
great stock of air is not desired. B is a tin cylinder, 
or cistern, containing withinside a syphon. This 
is to be about two-thirds filled with water; by a cork 
fitted at its base, it is adapted to the neck of the 
bottle A. The air will thereby pass through the 
water in its passage upwards, purifying it in a proper 
manner, and which, for particular experiments, 18 
indispensably necessary. To a socket in the upper 
part of the cylinder is fitted the stop-cock of the 
bladder C; the bladder must be soaked in water, 
and the common air excluded as much as possible, 
before it is applied to the vessel B. In less than @ 
quarter of an hour the bladder will be inflated with 
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the air; the Kop-cock piece, a, must then be turned, 
itself and the bladder taken off, and another bladder 
applied; and so any number of bladders may thus be 
filled as may be wanted. 

A bladder my be filled with any other elastic fluid 
by connecting cock to the end of a long tube, 
. to the gr get a retort, in which oxygene-or 
vital, or other air may be making; or to the top of 
another glass , immersed in water in the 
pneumatic tub, 1 late 6, fig. 1, already filled with the 
particular air. small brass piece, fg. 10, with two 
female screws, is useful to-connect the stop-cocks of 
two bladders together, when the admixture of two 
different airs together is desired, such as we Oxy- 
gene and inflammable, &c. 

The bladder, „ig. 5, of the stop-cock and pipe, 
being pressed under the arm, and a lighted 

piece of paper applied instantly to the orifice of the. 
pipe, will inflame the air, and produce a burning 
lambent flame as long as any air remains, as our Au- 
thor has observed at page 505. A brass pipe, with a 
moveable jet, a, fg. 11, with a fine tion at 
its extremities, which are turned at right angles, 
being screwed on the stop-cock instead of the plain 
pipe, will produce a rotatory motion by the action 
of the air from the bladder, and when inflamed give 
a beautiful circle of fire in a darkened room, and of 
a degree of strength and brilliancy in proportion 
as the bladder is pressed. By constructing such 
sort of articles in more complicated and figurative 
ways, and with inflammable air, the late Mr. Diller 
exhibited in London, a few years ago, the most 
pleasing and splendid fire-works, that ever came 
under public observation, to which I was an eye- 
witness, and, as an instance of skill in the contriv- 
ance of machinery, I think. the most singular. His 
figures were, a flower, a moving and varying sun, a 
changing star, a dragon * a 4cfyent, a star 
vor. 11, 
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of knighthood, a flame for light-houses equivalent 
to 100 Argand's lamps, with a great variety of others. 
The whole was without: smell and smoke, and with 
a beautiful variety of colours. If the apparatus is 
yet in reserve, it is to be hoped that they may be 
again put into action ſor che entertainment the 
public. | | ; 

A capillary aide or pipe whine: a fine bore, placed 
on the top of a glass bottle, or conical shaped jar, 
containing inflammable air, will serve in a simple 
way to exhibit. a small lambent flame, and will 
burn till the air is nearly exhausted: it is difficult to 
he blown out; on which account it has been called 
the magie or philosophical candle. | 

It is a pleasing experiment by means of one of 
these bladders, filled with inflammable air, con- 
nected to a tobaceo-pipe, to blow up from soap- 
suds in a bason small balloons; their levity will 
cause them to ascend, and a lighted candle or taper 
being applied, they will burst with an explosion. If 
oxygene or vital air is mixed with the inflammable, 
the RR and concussion of the air is prodigi- 
ny great. 50 

But the most curious grcicle of this sort is the 
| inflammable air lamp, already noticed at page 567, 

ay. mg 7, fig. 0. The contrivance of this sort of 
machine is owing'to Mr. Volta, Dr. Ingenhouz, &c. 
and, with some small variation in the figure, is the 
manner in which we now make them. A, is a glass 
jar ſor containing the inflammable air; B, an open 
glass urn to contain water, and by the pressure of 
which, the air is forced out of the j . A, thou h the 
brass pipe 4; C, is the stop-cock, so perf „that 
the water may descend from B into A, 2 the air 
pass out through the pipe a. When the bar of the 
stop- cock is turned to an horizontal position, the com- 
munication between the two vessels is shut, and the 
air. obstructed; when turned to a vertical one, the 


contrary 
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Tze lower jar, A, may be filled with pure 
inflammable air, either by means of the pneumatic 
tub, plate 6, fg. 1, and its apparatus; or more rea- 


dily by the bladder of air, fg. 5, two of which ac- 


company the lamp, and which must'be managed as 
follows. Take off the cover, D, from the lamp, and 
turn the stop- upwards, and pour as'much clear 
water down, as will fill the vessel, A, np to the 
pipe 42. Unscrew this pipe, and in its'stead screw 
the small brass piece, fg. 12, quite firm; to this 
screw one of the stop-cocks and bladder, 5g. 5. 
With the bladder under one of your arms, one 
hand to the cock at C, and the other to that of the 
bladder, at the same instant, open the apertures, 
and directly press the bladder; this will force out the 
air upon the water in A, which will be driven u 
the glass pipe through the tube, into B, with a bub- 
bling noise. When you have thus charged the 
vessel, A, with air, or as much as you desire, you 
turn quickly both the stop-cocks again, so as to 
cut off any connection with the external or common 
air; particular care must be taken, that the gcommon 
atmospheric air does not mix with the inflam- 
mable, for the reader must know, from what our 
Author has before related, that if a mixture of in- 
flammable and common air are fired, the explosion 
will be great, and himself endangered by the burst- 
ing of the glass vessels. | 

The other part of the principle of this lamp, or 


the means by which the air is lighted, consists of an 


electrical apparatus, and is as follows. 
The mahogany basis, E F, is of the form of a 
box, about twelve inches square and five inches 
deep, in which is placed an electrophorus, consisting 

of a resinous cake, c, and metallic plate d, which 
an hinge at its back, not represented in the figure, 
admits of being pulled upwards and let down by 
the silken string , that is connected with it, and 
G2 
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'the stop-cock'C. Tt is a well-known property of this 
cake, that when once it is excited, it contains its elec- 
tric effect upon the metal plate for a great length of 
time. A metallic chain, G, communicates with a wire 
and ball e, passing through a glass tube below, in the 
box over the pl pA and above with a fine wire 
passing through a * tube; this upper wire is bent 
to about one-eighth part of an inch distance from 
the flame pipe. Now it is evident to the reader, 
if the electrophorus in the box below is previ- 
ously excited, that, by simply turning the stop- cock 
at C, with his hand, the silken string, 5, will raise 
the metallic plate, which will give an electrie spark 
to the ball and wire above, that conveys it up 
instantly to the flame pipe, and inflames the air issu- 
ing out of the pipe, from the pressure of the water in 
its descent into the vessel A. The cock, C, being 
turned back, the flame ceases, and turned again, 
appears, and will serve to light a candle, match, &c. 
at any hour of the day or night. The number of 
times that an instantaneous light may be produced 
will be very great, and in proportion to the inflam- 
mable air in the vessel A. If the cock is not turned 
back, the flame will continue till the whole of the 
inflammable air is consumed. The light is just suffi- 
cient to read a large print by in the night, or see the 
hour by a watch. When the electrophorus cake is to 
be excited, the silken string, b, is unhooked from the 
plate, and the apparatus drawn out of its box; the 
metallic plate lifted quite upwards, while, with a 
silken or dry cat-skin rubber, you briskly rub the 
surface of the resinous cake. About twenty revolu- 
tions in rubbing will be sufficient, and convey elec- 
tricity enough to the plate, or to give a spark to 
the knuckle of a finger about an inch distant. The 
strength of the spark is the criterion of the strong 
excitation of the cake. The silken string and small 
glass tubes, through which the wire, G, passes, should 
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bay be completely dry, to make the passage of 
the electrical spark quite perfect. 3 

The whole height of the apparatus is bout 
_ twenty-two inches, but no specific dimentions are 
essential; the disposition the parts, and their 

connection are their chief requisites. Dr. In- 
genloux for a long time had a small apparatus upon 
a similar principle, by which he occasionally obtained 
a light for domestic purposes, both when at home 
and on his travels. 

Hip. 13 represents a portable and convenient ap- 
paratus, called a lamp furnace, by which a great 
many operations may be performed in solutions, di- 
gestions, and distillations, without requiring much 
Space or room. A, is a brass or iron rod, about two 
feet in height, screwed to a solid strong foot; on 
this slides three metallic sockets, carrying wires and 
rings, for supporting glass retorts, B, matrasses, &c. 
and may by the screws be set to desired heights. 
C, is a glass ball with a neck, called a receiver; but 
common one-ounce or two-ounce- phials are gene- 
rally more useful; this is luted to the neck of the 
retort, and serves to receive the distilled matter. 
D, is a wooden stand with a moveable dish, to set to 
any height proper for supporting the receiver C. E, 
is an open Argand's lamp, with a metal cylinder, by 
which means various and necessary degrees of heat 
are given to the materials in the retort above. In 
many cases the heat from this lamp is sufficient, but 
should a strong red heat be wanted, a kind of iron 
chafing dish, to hold charcoal, and made to move 
upwards and downwards between two iron rods for 
supports, had best be adopted. With such an ap- 
paratus as the above, most of the principal chemical 
operations can easily be performed. 

The blow- pipe for the mouth, ig. 14, is a very 
useful article to the chemical student. It should 
have fitted to its smaller end three or four caps 
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with different small apertures, * which the 
air upon the flame of a wax candle or lamp is to be 
urged upon the mineral, or other specimen to be 
examined, and which in sige ought. not to exceed a 
pepper corn. This, with some small apparatus for 
experiments, &c. as first recommended by the late 
Mr. Magellan, are now made in complete sets under 
my inspection, and, to a — desirous of perſorm- 
ing the experiments in the diminutive way, will be 
found very deserving of attention. | 

If to this small collection is added, a tobacco-pipe, 
as a crucible, in which a number of operations may 
be performed in a common fire, especially if urged 
with a pair of good double. bellows; an earthen pot 
or iron ladle, as a sand bath; apothecaries phials or 
Florence flasks, as matrasses; chafing dish or small 
iron stoves, for many useful purposes; basons, pans, 
cups, saucers, &c. the whole will constitute a cheap 
and no mean philosophical and chemical apparatus, 
and, as Mr. Nicholson observes, by which great disco- 
veries have been made, and may be probably in- 
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An excellent opportunity 1s afforded by the ana- 


lyzing of mineral waters and mineral bodies to the 


young student, who is desirous of exemplifying most 
of the chemical principles described in the preceding 


Lectures. I shall now first give the method from 


Mr. Mieglib's General System, as published by 
Mr. W. Nicholson, in his valuable Chemical Dic- 


tionary, 4t0. 1795, and then à list of such tests, 


agents, re- agents, &c. as are necessary for the ope- 
rator to be furnished with; and afterwards insert di- 
rections for the making of a ſew select experiments 
of a very entertaining nature, in regard to dyes, co- 
lours, sympathetic inks, &c. SH 94h 
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The investigation of mineral waters consists: 1. In 
the examination of them by the.senses. 2. In the 
examination of them by te erer 8. Ne the analy: 
sis properly so called. 

he examination by the sensbs consists in observ- 
ing the effect of the water as to ee smell, 
and taste. 

The appearance of the water, the instant in which 
it is pumped out of the well, as well as after it has 
stood for some time, affords several indications, from 
which we are enabled to form a judgment concerning 
its contents. If the water is turbid at the well, the 
substances are suspended only, and not dizolved; 
but if the water is clear and transparent at the well, 
and some time intervenes before it becomes turbid; 
the contents are dissolved by means of fixed air, 

The presence of this gas is likewise indicated ie 
small bubbles that rise from the bottom of the wel 
and burst in the air while they are making their es- 
cape, though the water at the same time perhaps 
has not an acid taste. But the most evident proof 
of a spring containing fixed air, is the generation 
of bubbles on the water being shaken, and: their 
bursting with more or less noise, while the air is 
making its esca 

The sediment deposited by the water in the well 
is likewise to be examined; if it be yellow, it indi- 
cates the presence of iron; if black, that of iron 
combined with sulphur; but chalybeate waters being 
seldom sulphurated, tho latter occurs very rarely. 
As to the colour of the water itself, there are few 


instances where this can give any indication of its 


contents, as there are not many substances that 
colour it. 

The odour of the water serves chiefly to discover 
the presence of sulphur in it; such waters as contain 
this substance, smell of liver of sulphur, or of rotten 


Eggs. 
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The taste of a spring, provided it be perfectly 

ascertained by repeated trials, may afford some useful 
indications with respect to the contents. It may be 
made very sensible by tasting water, in which the 
various salts that are usually ſound in such waters 
are dissolved in various proportions. There is no 
certain dependence, however, to be placed in this 
mode of i investigation; for, in many springs, the taste 
of Glauber's salt is disguised by that of the sea salt 
united with it. The water too is not only to be 
tasted at the spring, but after it has stood for some 
time. This precaution must be particularly ob- 
served, with respect to such waters as are impreg- 
nated with fixed air; for the other substances con- 
tained in them make no impression on the tongue, 
till the fixed air has made its escape; and it is for 
the same reason that these waters must be evaporated 
in part, and then tasted again. 
Though the specific grav ity of any water contri- 
butes but very little towards determining its con- 
tents, still it may not be entirely useless to know the 
specific weight of the water, the situation of the 
spring, and the kind of sediment deposited by it. 

The examination of the water by means of re- 
agents shews what they contain, but not how much 
of each principle. In many instances this is as 
much as the inquiry demands; and it is always of 
use to direct the proceedings in the 4 analysis. 
_ Tt is absolutely necessa the experiment 

with water just taken u — T the spring, and aſter- 

wards with such as has — exposed for some hours 
to the open air; and sometimes a third essay is to 
be made with a portion of the water that has been 
boiled and afterwards filtered. If the water contains 
but few saline particles, it must be evaporated; as 
even the most sensible re-agents, such as the solu- 
tion of silver, and the salts formed by the union of 
the terra ponderosa with the nitrous and muriatip 
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adids do not in the least affect it, if the salts whose 
presence is to be discovered by them are diluted with 
too great a quantity of water. Now, it may happen 
that a water shall be impregnated with a considera- 
ble number of saline particles of different kinds, 
though some of them may be present in too small a 
quantity: for which reason the water must be exa- 
mined a second time, after having been boiled down 
to three fourths. FF 

The substances of which the presence is discover- 
able by re-agents, are: TY 

Alkahis and earths combined with aerial acid. Paper 
Stained with Brazil wood will discover the presence 
of these substances in the water: if the water con- 
tains the smallest portion of alkali, they will change 
its red hue into a colour partaking more or less of 
the violet. A. still greater degree of sensibility is 
shewn, according to Mr. Mails experiments, by the 
tincture of the leaves of the brassica rubra, as well 
as by that of rose leaves. 7 

Alkaline salts. The taste is sometimes sufficient 
to indicate their presence in mineral waters impreg- 
nated with aerial acid, after these waters have been 


exposed to the air for some time; but for the sake of 


producing absolute conviction, let a paper stained 
with turmeric be dipped in the water previously 
warmed; the colour of this is changed by alkaline 
salts only, and not by earths: now, if the colour of 
the paper-is changed, and a quantity of sal ammo- 
niac put into the water produces a smell of volatile 
alkali, the water certainly contains fixed alkali. 
 Absorbent earths. Water which does not change 
the colour of paper stained with Brazil wood or lit- 
mus, and which, after having becn boiled, does not 
render lime water turbid, contains absorbent earth: 
if this earth be of a calcareous nature, it will be 


precipitated by the acid of sugar, provided the water 
S taken fresh from the pump; but not after it has 


* 


106 | METHOP OP ANALYZING 


been boiled, unless indeed a particle or two of this 
earth should be dissolved in another acid; but in this 
case the sediment will not he nearly so considerable 
as in the other. The case is the same with respect 
to barytes, or terra ponderosa. 

A mixture of altalie salts and earth. The water 
having been examined in the above-mentioned me- 
thod, for the purpose of discovering the alkaline salt 
in it, let part of this water be made warm; if it 
becomes turbid, there is certainly, exclusively of the 
alkali, an earth dissolved in it by means of fixed air; 


besides which, it is possible the alkali may * ano- 


ther portion of earth suspended. 

Neutral salts in general. The purest vinous spirit 
serves to discover their presence; but, for the sake 
of ascertaining that the substance precipitated by it 
is a salt perfectly neutralized, the water must be 
filtered, as soon as the substance has settled, and 
when the spirit is evaporated, the residuum must be 
tasted; the taste will be sufficient to direct the expe- 
rimenter with respect to the choice of his re- agents. 

Vitriolic salts in general. A few drops of the solu- 


tion of terra ponderosa in the muriatic acid, will be 


sufficient to discover the smallest particle of an 
vitriolic salt; the acid of which will fall down com- 
bmed with the terra ponderosa 1 in the baro-selenite, 
or barytic vitriol. 

Muriatic salis in general. Waters containin g these 
salts, throw down a solution of silver in nitrous 
acid a white precipitate (luna cornea) which is inso- 
Juble in nitrous acid. 

A mixture of muriatic and vitriolic salts. First, 
let a solution of the terra ponderosa in. nitrous acid 
be poured into the water till nothing more be preci- 
pitated from it; the precipitate being separated, let 
2 solution of silver be poured into the filtered liquor, 
till it ceases to yield any precipitation. The former 
of chere precipitates indicates the presence of vitrio- 
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lic, the second, that of muriatic salts; and the dif- 
ference in the quantity of the sediments shews the 
different ion of these substances in water. 

Earthy salts, Alkali saturated with fixed air, pre- 
cipitates the earth out of all earthy and metallic 
salts. But, to know whether this precipitate be of 
a metallic or merely of an earthy nature, the expe- 
riment must be made with the Prussian alkali. If 
this throws down no precipitate, the former sediment 

Calcareous salts. A few grains of the acid of 
sugar will discover these salts, provided that the 
water containing them has been previously boiled: 
if a precipitate is ſormed, there is no doubt of their 
presence. | | 
A maxture of calcareous earth and calcareous salts. 
In order to ascertain their presence, the water must 
be boiled; if during the boiling an earth is thrown 
down, which, after having been dissolved in the ace- 
tous acid, forms a precipitate with the acid of sugar, 
and if the water yields at the spring a still greater 
sediment with the acid of sugar, it contains, besides 
a calcareous salt, a portion of calcareous earth. 

A mixture of calcareous earth with salts, in which 
another earth is contained. Let a small quantity of a 
solution of acid of sugar be poured into the water; 
if it contains calcareous earth, a precipitation will 
ensue. To the superincumbent water, after it has 
been decanted off from the earth and filtered, a 
solution of alkali saturated with fixed air must be 
added. If another precipitation ensues, there is, 
besides the calcareous earth, another earthy salt in 
the water. For the purpose of discovering it, a 
little diluted acid of vitriol must be poured upon the 
precipitate, which without causing any effervescence 
will form Epsom salt, if the precipitate be muriatic 
earth; regenerated heavy spar, if it be terra ponde- 
rosa; and alum, if it consists of earth of alum. 
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- Muriated.or aerated barytes. If the water be sup- 
to contain at the same time terra ponderosa 

combined with fixed air, and the same earth in a 
perfectly saline state, means must be used analogous 
to those that are employed for the discovery of cal- 
careous earth; which is, to boil the water; to dis- 
solve the earth which precipitates in the marine acid; 
and then try whether the vitriolic acid will produce 
a precipitate; if it does, the water contains terra 
ponderosa aerata. After this, let some vitriolic acid 
be mixed with distilled boiling water; when, if a 
precipitate is formed, it is owing to the muriatic salt 
of the terra ponderosa contained in the water. 
Allum. The most simple means of discovering 
whether water of any kind contains alum, are, to 
boil the water in a very clean copper vessel, when, 
if it contains alum, it will exhibit a blue colour. 
When the quantity of alum in the water is small, 
the blue colour is not sensible; but it may be ren- 
dered very manifest by the addition of @ little caustic 
volatile alkali. This method of discovering alum 
in water by means of copper, is founded on the pro- 
perty of this salt, in virtue of which it always exists 
with an excess of acid: it is this surplus of acid 
which acts upon the copper. A more certain me- 
thod is to pour a solution of fixed alkali into the 
water, and to see whether the precipitate made by 
this means dissolves in water impregnated with fixed 
air: if it does, it is not earth of alum. | 

Metallic alis. Nothing is better adapted to the 
purpose of discovering the presence of metallic salts 
in waters, than the Prussian alkali purified by acids. 
If a solution of this alkali be poured into this water, 
after it has been exposed for some time to the air 
filtered, it makes a precipitate, which will be blue, 
if the water contains iron; brown, if it contains 
copper; and white, if it contains zinc. In case the 
Prussian alkali is not at hand, a solution of fixed 
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alkali may be used in its stead. This, with iron 
forms a yellow; with copper, a green; and with 
zinc, a white precipitate. This last e be- 
comes yellow, when exposed to the action the fire. 

Aerated iron. Water which contains aerated iron 
has its colour changed by an infusion of galls, but 
not by the Prussian alkali; however, after such wa- 
ter has been exposed for some time to the air, the 
iron is precipitated out of it, and it ceases to be 
affected by this infusion. If a water exclusively of 
this aerated iron contains an alkaline salt, the colour 
struck by the infusion of galls is rather red than 
violet. 

Iron not much calcined and diexolved i in mineral acid; 
Iron calcined to a certain point will dissolve in vi- 
triolic acid; but if it has been too much, it is not 
soluble in this, although it be in the muriatic acid. 


- If the iron contained in the water be in this latter 


state, the water will be made blue by the Prussian 
alkali, but will not be affected by an infusion of 
galls. In a water of this kind, let a piece of polished 
steel be steeped, and the water evaporated till it is 
reduced to one-half. Now, acids having more affi- 
"nity with iron, while it retains its metallic state, than 
after it has been deprived of it, the iron in the former 
state will expel that in the latter, and at the same 
time partly reduce it; and thereby enable it to strike 
a 3 or deep purple colour with an infusion of 
ls 
wo ot in two different States in the same water. A 
water of this kind deposits ochre, a short time after 
it is exposed to the air, and yields at the spring, with 
Prussian blue; a green or olive- coloured precipitate. 
Cupreous salis, Water which contains these salts, 
acquires a distinet blue colour from a few drops of 
volatile alkali, and yields a brown precipitate n the 
addition of a little phlogisticated al kali. | 
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Salle of æinr. Water that contains these salts af- 
1 with Prussian blue; a white precipitate, which 
becomes yellow in the fire, and turtys' white again as 
en nine a en ee ee 

Arenic. If this niborknes be / e in the 
| . it will de discovered by pouring a solution of 
volatile liver of sulphur into the water, from which 
it will be precipitated of a yellow colour. A solu- 
tion of gold may likewise be used for this pu 
The water may drew be boiled down, and the 
residuum be thrown upon live coals} if it smells of 
garlic the water contains atgenic.” 

Combination of acids with manganese. 11, on a 
little of à solution of vegetable alkali being poured 
into water, a white pre tate is ſormed, and if the 
precipitate becomes wiel in the fire, and is soluble 
e in the nitrous nor vitriolic acid, the water 
contains manganese. 21 

Liver of aulphur. Nitrous id destroys the odour 
of the waters which contain these substances, and 
separates the sulphur. On the other hand, the vitri- 
olic and common marine acids augment the smell, 
while they separate the sulphur. But if it be requi- 
site to render” the uin visible, the experiment 
must be made with a considerable quantity of water, 
and the whole suffered to stand undisturbed for 
some time. The solutions of lead, silver, and 
quicksilver in nitrous acid, and the solution of cor- 
rosive sublimate, yield with a water of this kind a 
brown or else a black precepitate; which, when 
dried, will burn on a red-hot shovel with a blue 
flame and sulphureous smell. 

Hepatic air. The pure vitriolic and the Wand 
ticated marine acids neither augment nor diminish 
the odour of the water that contains this air; _ 
tikewise neither render it turbid, nor do the oy pre 
Cipitate the ert this last is effected by the 45. 
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phlogisticated nitrous and marine acids, though in 
a very small quantity only. At the same time too 
they deprive the water of its offensive odour. The 
solutions of quicksilver, lead, and silver, do not 
yield any precipitate, except there is a considerable 
quantity of this air employed; and what is more 
extraordinary, this precipitate does not burn with a 
flame. The solution of corrosive sublimate, and the 
nitrous solution of quicksilver made with heat, give 
with this kind of water a white precipitate. The 
calx of silver turns black in it, and deprives it of jts 
offensive odour; it loses this smell likewise in a 
copper vessel, after remaining in it a minute or two. 

In order to obtain a water saturated with sulphu- 
reous gas, Dr. Hahneman exposes to a white heat, 
for a few minutes only, a pounded mixture of equal 
parts of sulphur. and unslacked or fresh slacked lime; 
and throwing half an ounee of this with five drachms 

of purified tartar into a bottle containing two pounds 
of pure luke-warm water, stops it quickly with a 
cork; and after shaking it for ten minutes, and al- 
lowing the grosser particles to settle, pours off the 
milky liquor into another bottle, and mixes it 
agitation with three or four tea cups of thick eream, 
or half an ounce or two ounces of gum arabic,” or 
half an ounce of gum tragacanth bruised. Calca- 
reous hepar requires 1920 parts of cold, and 840 of 
warm water: calcareous tartar 800 of cold, and 500 
of warm, for their solution. 5 40 | 

For a warm bath, he takes fourteen ounces of 
calcareous hepar, and one pound of eream of tartar 
pounded, and stirs them up in the water of the 
bathing- tub; or, in 300 lb. of water made warm to 
100 degrees, he agitates three quarters of a pound 
of hepar, made with pot-ash, and then stirs up with 
it very briskly a quarter of a pound of strong oil of 
vitriol.—Or he takes four parts of scales of iron 
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fused with three of sulphur, till it ceases to yield a 
blue flame; puts half a pound of this, mixed with 
five pounds of water, into a bottle holding eight or 
ten pounds: on this he pours a quarter ® | a pound 
of oil of vitriol, instantly stopping it with a bladder 


tied over, and pricked with a needle; sinks it to the 


bottom of a high bathing-tub, filled with warm 
water, and mixes the air as it comes out by agitation 
with the water. 

Fixed air. Waters which contain n fixed air change 
the colour of tincture of litmus to red, but this co- 
| lour must be carefully distinguished from the reddish 

hue exhibited by this tincture, when diluted with a 
great quantity of water, from which it is very diſ- 
ferent. According to Professor Bergman's meth „lime 

water may likewiee be used, a practice which however 
stands in need of some improvement. When water 
contains a certain but small quantity of fixed air, it 
does not change the colour of the zofacjon of litmus; 
and, in this case, the quantity must he ascertained 
by distilling the water in a pneumatic apparatus. 
The taste of the water indicates the presence of this 
substance, only when the water contains a certain 
quantity of it; for it is by no means to be inferred, 
when the-water does not taste sour, that it contains 
no fixed air, as the contrary circumstance sometimes 
takes place. A water of this kind generates bubbles 


at the spring, which burst at its surface with some 


| noise. y 


The analysis of mineral waters chews in the first 
| pn how much of each of these substances is con- 
tained in the water; and it is performed by evapo- 
rating the water, by which means one substance is 
obtained from another, when each of them is weighed 
Separate. Some mineral waters contain volatile par- 

_ ticles, which make their escape during the evapo- 
ration of the water; others contain such substances 
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as are liable to be decomposed by evaporation, or 
may more or less prevent the developement of the 
other parts. 1 i A ln 
Lastly, all of them contained fixed substances 
that remain behind in a dry and concrete state, after 
the water is evaporated. 2 | 
Separation of the volatile substances. 
In water which contains hepgtic air these substances 
occur, If nitrous acid be poured on a portion of this 
kind of water, the quantity of sulphur precipitated 
by it, gives the quantity of the hepatic air contained 
in the water; each cubic inch of the latter contain- 
ing a quarter of a grain of sulphur. 1 0 
Mater separated with fixed air. Part of such water, 
is to be evaporated in the method described a little 
farther on. From another portion of it, according 
to Professor Bergman, the air is ta be expelled, and 
afterwards mixed with lime water for the purpose of 
ascertaining the quantity of it. If Bergman's pre- 
scription be followed literally, the fixed air will be 
loaded with vapours of the water, which will pass 
with it through the mercury, be condensed on its 
surface, and afterwards absorb part of the air. It is 
better to pass the air immediately through lime 
water; for, in this case, one part precipitates along 
with the calcareous earth which it meets with in its 
passage, as does likewise the remainder, if the appa- 
ratus be shaken a little. This earth too must be 
carefully separated by filtration. Now, as the quan- 
tity of fixed air contained in calcareous earth, and 
its specific gravity, is very well known, it is very easy 
to make an accurate estimate of the quantity of fixed 
air that is contained in the water; for instance, if 
half a drachm of calcareous earth be obtained, the 
water contains 184 grains of fixed air, or 32 7⁹¹ 
cubic inches; allowing, with Kzrwan, a cubic inch 
of fixed air to weigh 1 of a grain. 285 
ot. 13: H | 
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In default of the pnenmatic apparatus, provided it 

be certain that the water does not contain any fixed 
alkali, it needs only to be mixed with four times its 
quantity of lime water, and then filtered. 
If the water contains alkali, the experiment must 
be made twice, vis. first at the spring, and afterwards 
when the water has been boiled; the weight of the 
second sediment is then to be subtracted from that 
of the first, viz. of the aerated earth, and it will 
appear what allowance is to be made for the weight 
of the fixed air. 

Analysis of the volatile alkaline substances. If a 
substance of this kind be suspected in the water, let 
part of it, after having been weighed, be put into a 
retort, and about one-third of it drawn off by distil- 
lation; a quantity of marine acid is then to be 
poured on the distilled portion, till the saturation is 
complete: the sal ammoniac thus obtained is then 
to be dried and weighed; the quantity of acid in the 
sal ammoniae being known, it is casy to estimate 
that of the volatile alkali in the water. Vengzel's 
estimate of the volatile alkali contained in sal am- 
moniac seems to be more exact than that of Berg- 


man. If these waters contain particles that may be 


either casily decomposed, or alter the product of the 
analysis, they must be treated in the following 
Separution of ' the substances that are decomposed 
during the evaporation of the water, and which pre- 

vent the Separatton of the other ingredients. These 
substances are, liver of sulphur and metallic salts. 
acid- of sulphur which was disengaged during the 
evaporation, combines with the alkaline substances 
that may happen to be contained in the water, and 
changes their nature. In metallic salts the metal 
becomes calcined, separates from its acid, and enters 
into new combinations with the other ingredients of 


e 


of the remainder to be continued. With this view, 
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the water. Hence the liver of sulphur, as well as the 
metallic salts, must be decomposed, and an estimate 
made of the quantity in which they are present in the 
water previous to undertaking the evaporation. 

Mater that contains liver of sulphur. For the pur- 
pose of analyzing a water that contains liver of sul- 
phur, a quantity of nitrous acid must be poured 
into it sufficient to precipitate all the sulphur. The 
precipitate is then to be . and weighed. 

Water that contains metallic salts. Pour into this 
water a solution of Prussian alkali, previously pu- 
rified by means of nitrous acid; as soon as the pre- 
cipitation ceases, the water must be filtered, and the 
precipitate drained and weighed. 

Separation of the fired and unchangeable substances. 
The separation of the volatile bodies, and of such as 
may prevent the separation of the fixed and un- 
changeable substances, having been effected; let a 
certain quantity of the water be weighed, and, after 
being evaporated to dryness, weighed again. The 
evaporation is best performed in vessels of glass or 
china. It is true, that a gentle heat can only be used 
with such vessels, and that consequently the evapo- 
ration goes on but slowly in them. But this incon- 
venience is ballanced by the certainty the operator 
has no other matter united with it. | 

In whatever manner the evaporation is performed, 
the residuum consists of salts which are soluble in 
the purest spirit of wine, of such as are soluble in 
cold water, and of such substances as cannot be dis- 
solved by either of these menstrua. The first thing 
therefore to be done, is to pour a quantity of recti- 
fied spirit of wine on the residuum, and let them 
digest together for the space of a few hours in a 
gentle heat. The liquor is then to be decanted into 
another vessel, in order that its contents may be 
farther analyzed, and in the mean time the analysis 
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a quantity of cold water is to be poured on the re- 
siduum, which must stand in a gentle heat for the 
space of six or eight hours, and be shaken now and 
then. The water is then to be decanted off into 
another glass, and some fresh water added to the 
remainder; after standing one or two hours longer, 
the water in both glasses is to be mixed and filtered, 
and set apart for the purpose of examining its con- 
tents. These consist of salts perfectly neutralized, 
and vitriolic salts, exclusively of selenite. That 
part of the residuum which is insoluble in water and 
spirit of wine, consists of different earths, of the se- 
lenite, and of the iron that has been dissolved in the 
fixed air of the water. The bodies which have been 
dissolved in both liquids, are now to be separated 
from each other, as must the substances that com- 
pose the undissolved residuum. 

Separation of the substances dissolved in the Spirit of 
wine, These may be either sedative salt, common 
salt, nitrous acid combined with an earth, arsenic, or 
extractive matter. 

There are three methods of separating these sub- 


stances. | ; 
First method. 


Tor sedative salt. The vinous spirit is to be 
mixed with twice its quantity of distilled water, and 
part of this mixture evaporated; it this be suffered 
to crystallize, sedative salt is obtained, of all the salts 
that are soluble in spirit of wine the only one that 1 18 
crystallizable. 

Salts with a calcareous basis. If the re-agents in- 
dicate a calcareous salt in the water, the calcareous 
earth is to be separated by the acid of sugar saturated 
with alkali. The quantity of the precipitate thus 
obtained, gives the quantity of the calcareous. salt 
contained in the water. The,salt acquired by crys- 
tallization, whether it be nitre or digestive salt, 
shews with what acids che calcareous earth is com- 


2 
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bined. In order to separate this salt more aceu- 
rately, the liquor may be evaporated to dryness, and 
the soluble part of the residuum extracted with 
spirit of wine; consequently, the digestive salt and 
cubie nitre, being insoluble in the spirit, are left 
behind. After these are separated, the spirit must be 
dilated with distilled water, and the undissolved sub- 
stances separated by the method mentioned below. 

Salts, the basis of which is heavy earth, or barytes. 
If, in consequence of the analysis made with the 
re- agents, the presence of a salt of this kind is sus- 
pected in the water, let a solution of Glauber's salt, 
or vitriolated tartar, be poured into the water. After 
this, either the digestive salt, or the nitre, whichso- 
ever it be that is formed by this decomposition, must 
be separatee. | | 
Salis, the basis of which is magnesian earth. If the 
water contains a portion of these salts, there must 
be added a quantity of fixed alkali to the liquor that 
is left after the preceding experiment. The conse- 
quence of this will be, that the magnesia will be 
precipitated; and from the crystals, either of diges- 
tive salt or nitre, which may be separated either by 
erystallization or precipitation with spirit of wine, it 
will appear with what acid the earth was united. If 
the weight of these last salts, or that of the precipi- 
tated earth, be known, the quantity of Epsom salt in 
the water may be easily estimated. 

Arsenic. If there be any reason to suspect this 
substance in the water, to the above- mentioned li- 
quor, before it is suffered to crystallize, a small 
quantity of volatile liver of sulphur may be added; 
the arsenic will speedily unite with the sulphur, and 
aſterwards the digestive salt, or the nitre, whichso- 
on of these is present, may be separated from the 
iquor. 

8 matter. Last of all, the extractive 
matter must be separated from the spirit of wine. 
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With this view, the liquor that remains after these 
various processes must be eyaporated to dryness, 
Some particles of it however adhere to the crystallized 


salts, as do likewise some saline partieles to the ex- 


tractive matter. e 
Second method. | 

This method is founded on the observation that, 
except arsenic and sedative salt, all others, which 
Spirit of wine is capable of holding in solution, con- 
' tain an earth. The vinous spirit charged with those 
substances, being mixed with a sufficient quantity 
of water, and the arsenic and sedative salt being thus 
separated from it, let a solution of silver in nitrous 
acid be poured into it; the precipitate hereby ob- 
tained indicates the quantity of marine acid that was 
present in the water combined with the earth. The 
remainder of the liquid is then to be precipitated 
with the fixed alkali: a more precise analysis of the 
earth obtained, will shew the nature- and quantity 
of the salts of which it made a component part. 

If, besides these, there are in the water other 
salts, the earth of which is combined with nitrous 
acid, in this case the quantity of the earth obtained 
will not correspond with that of the marine acid, as 
indicated by the solution of silver. But as all salts, 
in which the marine acid is combined with an earth, 

contain nearly the same quantity of earth, nothing 
more is necessary to be done, than to subtract from 
the earth, obtained by the foregoing process, the 

uantity sufficient to saturate the marine acid in a 
liquid state, and the remainder will give the weight 
of the earth dissolved in the nitrous acid. 

For the purpose of ascertaining the nature and 
quantity of the earth obtained, let the precipitate 
made by the fixed alkali be dissolved in nitrous acid, 
to which must be added, drop by drop, a small quan- 
tity of a solution of acid sugar, saturated with fixed 
alkali, Jn consequence of this, the calcarequs earth 
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weill be precipitated and combined with the acid of 


sugar, and the weight of the precipitate! will point 
out the quantity of the calcareous earth contained 
in the liquor. Now, if after this liquor be separated 


from this precipitate by decantation, and a solution of 


alkali, saturated with fixed air, be poured into it, the 
muriatic and aluminous earth will be likewise preci- 
pitated. Lastly, let there be poured upon this mix- 
ture a quantity of distilled water, saturated with fixed 
air: the former of these earths will be dissolved, while 
the latter will be left undissolved. | 


Third method. © 

The arsenic and sedative salt being separated, let 
the remaining liquor be diluted with three times its 
quantity of water, and the earth precipitated from it 
with fixed alkali; the liquor being decanted off from 
the carthy precipitate, which must be analyzed' in 
the method above-mentioned. Let there be poured 
into the former a small K of solution of silver. 
The weight of the precipitate, here produced, shews 
the quantity of marine acid that was combined with 


the earth. 


Separation of the substances that are Soluble in dis- 
tilled water. These may be fixed alkali saturated 
with fixed air, all the perfect neutral salts, alum, 
Epsom salt, and other salts. ON oe 2722 

Fixed alkali. It is hardly possible to ascertain the 
quantity of mineral alkali that is contained' in any 
water by the crystallization of this salt; for some part 
of it always mixes with the other salts, and it can 
never be obtained in a pure state. Let therefore any 
quantity of Epsom salt, but rather more than is suffi- 
cient, be taken to saturate the alkalr in the water. 
The water will become turbid, and, in the space of 
five or six hours, let fall a quantity of muriatic earth. 
But the redundant quantity also of the Glauber's 
salt that may exist in the water, as well as that of 
the Epsom salt employed in this process, must be 
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taken into consideration. These are the only means 
on which any dependance can be placed in analyzing 
alkaline waters. 70 

Alum and Epsom galt. If these are found together 
in the water, either with or without any other salt, 
the best mode of ascertaining the quantity of them, 
is to decompose them; thus let a solution of fixed 
alkali be added, drop by drop, to the water, till it 
ceases to render the water turbid. The precipitate 
being washed, dried, and weighed, a quantity of 
distifled water, saturated with fixed air, must be 
poured upon it, which will dissolve the magnesian, 
but not the aluminous earth; the weight of the latter, 
subtracted from the whole of the precipitate, will 
give the weight of both earths. The analysis is to 
be continued, and the vitriolated tartar, formed b 
the decomposition, must be separated. This may 
be easily done by crystallization. 0 
If the Epsom salt be mixed with Glauber's salt, it 
is almost impossible to separate them by crystalli- 
zation, as both of them crystallize at the same time. 
Here, as before, recourse must be had to the 
decomposition of them. The portion of Glauber's 
salt contained in the water may be determined 
by the weight of the precipitated earth; the same 
holds good with respect to alum, when mixed with 
other salts. | 

Glauber's salt, common salt, and nitre. 1. A solution 
of terra ponderosa in nitrous acid is to be poured 
into water that has stood some time on the resi- 
duum of the evaporated water, and the precipitate 
dried and weighed. By this means, the quantity of 
Glauber's salt contained in the water will be ascer- 
_ tained, 
2. Into this water that has been separated from the 
above-mentioned precipitate by filtration, let a quan- 
tity of solution of silver in nitrous acid be poured; 
this will cause a precipitate, which must be separated 
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from the supernatant liquid, and, when dry, weighed 
for the purpose of discovering the quantity of com- 
mon salt contained in the water. 

3. If the weight of the Glauber's salt and com- 
mon salt, taken together, be still not equal to that 
part of the residuum that has been dissolved in cold 
distilled water, this circumstance gives room to sus- 
pect, that there is nitre in it, the quantity of which is 
discoverable by the difference of the others. 

Separation of the substances contained in that part 
of the residuum of the water, which is not soluble either 
in spirit of wine, or in cold water, viz. selenite, iron, 
siliceous, aluminous, magnesian, calcareous, and pon- 
derous earth. I. Selenite. The residuum, after 
being weighed, is to be boiled with five hundred 
times its weight of distilled water; the selenite will 
be dissolved, and will pass through the filter with 
the water, while the iron and the earth will remain 
behind. The remainder must now be dried upon the 
filter, and weighed; if the weight be subtracted 
from its former weight before it was boiled, it will 
give that of the selenite. | 
In order to separate the selenite, marine acid may 
likewise be poured upon the residuum; the acid will 
dlissolve the iron and the earths, and the selenite 
will remain behind, together with a little siliceous 
matter. For the purpose of ascertaining the quan- 
tity of the latter, nothing more is necessary than to 
wash the residuum with distilled water; what remains 
after this is siliceous earth, the quantity of which is 
easily determined. X — 

II. Siliceous earth. The selenite being separated 
in the former of these methods, upon what remains 
on the filter, after it has been dried and weighed, 
pour a quantity of marine acid, when it will all- dis- 
solve except the siliceous earth, and the deficiency 
in. * weight will determine the quantity of this 

earth. | 
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III. Iron. Into this solution let there be poured 
a little Prussian alkali, purified by means of marine 
acid, the iron will be precipitated in the form of 
Prussian blue. 

The Prussian alkali must be previously purified by 
acids, in order to prevent the precipitation of the 
earthy salts, and to make the precipitate charge it- 
self more perfectly with the colouring matter. In 
Professor Bergman's method, the siliceous earth com- 
bines with the alkali, and in this case it is very difh- 
cult to ascertain the quantity of it. | wi | 

IV. Calcareons earth. After the separation of the 
iron by means of the Prussian alkali, the liquor is 
still charged with different kinds of earths. In order 
to separate the calcareous earth from this liquor, a 
solution of acid of sugar saturated with alkali must 
be added, drop by * when the calcareous earth 
will be precipitated in the form of a calx saccharata, 
or calcareous saccharine salt. | | | 
V. Magnesian and aluminous earths. In order 
to obtain these earths from the liquor standing upon 
the calcareous saccharine salt, a solution of fixed al- 
kali is to be added to it, till the precipitation ceases; 
the precipitate, which consists either of earth of alum, 
or magnesian earth, or both together, is then to be 
washed, dried, weighed, and put into a large bottle 
that 1s perfectly air-tight, and the bottle is to be filled 
with distilled water, perfectly saturated with fixed 
air; this will dissolve the magnesian earth, and leaves 
the aluminous earth behind. 


LIST OF FLUID TESTS, RE-AGENTS, AND FLUXES. 


The following is a list of fluid tests, re-agents, and 
fluxes for the blow-pipe, necessary for the analyzing 
of mineral waters, the examination of mineral bodies, 
&c. &c. The numbers correspond to those on the 


labels pasted on the well-stopped phials, and which 
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are usually packed into a mahogany portable chest 


with two drawers, and, excepting some additions, 
are according to an useful descriptive tract lately 
published, entitled, A Description of a Portable 
Chest of Chemistry; or, A Complete Collection of 
Chemical Tests for the Use of Chemists, Physicians, 
Mineralogists, Metallurgists, Scientific Artists, Ma- 
nufacturers, Farmers, &c. by J. F. A. Gotthng, of 
Jena, in Saxony, translated from the German, 1791, 

12mo. This book describes more than 150 expe- 
riments, and which the young practitioner should 
consult at the time of commencing his operations. 


First Drawer. 


Tincture of litmus. 

Lixivium of Prussian blue. 
Vitriolic acid. 

Nitrous acid. 

Marine acid. 

Acetous acid. 

Mild volatile alkali. 

Mild vegetable alkali. 

Highly rectified spirit of wine. 
Lime water. | 

. Distilled water. 

. Calcareous liver of sulphur. 
Crystals of tartar in powder. 
14. A phial containing a wine test, for de- 
tecting bad wines. 

15. Vitriolated argilla (alum). 

16. Oil of olives. 

17. Oll of linseed. 

18. Oll of turpentine. 

19. Ether. 

20. Acid of sugar. 

21. Solution of alum. 

22. Oil of tartar per r 
23. Salt of tartar. 


ne 
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24. Aqua regia for gold, two nitre and one 
4 marine. 

= 25. Aqua regia for platina, half marine and 
4 / | half nitrous acid. 

1 The three following are the most esteeme d fluxes, 


4 ang with the blow- pipe. 
4 26. Dry mineral al kali. 
i 27. Glass of borax. 
28. Glacial acid of phosphorus. 


29. Nitre powdered. 
30. Red tartar powdered. 
31. White arsenic. 
32. Vitriol of iron, and copper. 


N Second Drawer. 


Caustic vegetable alkali. 

Caustic volatile alkali. 

A solution of lead in acetous acid. 

A solution of soap. 

A solution of arsenic. 

A solution of corrosive sublimate in dis- 
tilled water. 

A solution of mercury in nitrous acid, 
prepared with heat. 

A solution of mercury in nitrous acid, 
prepared without heat. 

Volatile liver of sulphur. 

Spirituous tincture of galls. 

. Ponderous earth dissolved in marine acid. 

. Nitrous solution of silver. 

Nitrous solution of copper. 

Purified sal ammoniac. 

Purified Epsom salt. 

A solution of vitriol in copper. 

Cuprum ammoniacum. 

Quicksilver. 

Mineral alkali. 

. Calcined borax, 
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21. Fusible salt of urine. 

22. Essential salt of wild sorrel. 
23. Salited lime. 

24. Sugar of lead. 

25. Tincture of turmeric. 

26. Tincture of Brazil wood. 


To the preceding are added prepared papers, vix. 
1. Litmus paper. 
2. Brazil wood paper. 
3. Turmeric paper. 
4. Litmus paper reddened with vinegar. 

And occasionally are packed with the same- appa- 
ratus two cylindrical glass cups, to exhibit the opera- 
tions by; two or three small glass matrasses, to con- 
tain the substances with their solvents over the fire; 
a small glass funnel; a small porcelane pestle and 
mortar; -one or two small crucibles; a wooden trough 
to wash the ground ores; some sticks of glass, and 
other small articles convenient in the processes. 

The above constitute what has been called the 
Humid Laboratory. A blow-pipe with fluxes, silver 
spoon, and other useful mineralogical implements, 
are packed into a pocket fish-skin case, and are called 
the Dry Laboratory. 

The whole of the preceding tests, or any select 
quantity, prepared in a genuine manner by an emi- 
nent chemist, with Gotiling's descriptions, are sold 
at our shop in Holborn. 

For the method of examining mineral waters.and 
mineral bodies by analysis, I refer the reader to Berg- 
man's Chemical Essays, Kirwan's Elements of Mine- 
ralogy, 2 vols. 8 vo. 1798, and other eminent writers 
upon the subject. 

— TEE Ing 

The following articles haye been selected chiefly 

for the entertainment of young students, and are 


the preparations as first made by the ingenious che- 
mist, Mr. Hllis. 
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A LIST 


OF 
CHEMICAL PREPARATIONS 


FOR PERFORMING MANY AMUSING AND INTE- 
RESTING EXPERIMENTS. 


No. I. Acid of vitriol. 
II. Fixed alkali dissolved. 
II. Dry fixed alkali. 
III. Volitile alkali. 
FV. Syrup of violets. 
V. Copper 1 in acid of vitriol. 
VI. Epsom salts in water. 
VII. Tincture of galls. 
VIII. Iron in acid of vitriol. 
IX. Silver in acid of nitre. 
X. Quicksilver in acid of nitre. 
XI. Lead in acid of nitre. 
XII. Copper in acid of nitre. 
XIII. Invisible ink. 
XIV. Marking ink. 
XV. Washing ink. 
XVI. Green ink. 
XVII. Phlogisticated alkali. 
XVIII. Phosphoric ether. 
XIX. Solution for firing tn. 
XX. Solid phosphorus. | 
XXI. Sal ammoniac. 
XXII. Spirit of wine. 
XXIII. Solution of soap. 
XXIV. Blue liquid dye. 
XXV. Liquor oſ flints.. 
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DIRECTIONS FOR MAKING THE EXPERIMENTS, 


Experiment 1, To three or four tea-spoonfuls of 
the fixed alkali, No. II. in a wine glass, add by little 
at a time some of No. I. a, violent ebullition will 
arise; the fixed air escaping, particles of salt will be 
forced up with it and resemble a fountain: keep 
adding by degrees of No. I. till no more ebullition 
1s excited, and great part of the liquid will be con- 
verted into a salt. 

Experiment 2. Two or three tea-spoonfuls of 
No. HI. put into a wine glass will smell very pun- 
gent; if you add to it by degrees No. I. and stir it 
with a small stick, the smell will entirely be taken 
away; and by adding some of No. II. to the mixture, 
it will become pungent again. 

N eee 3 and 4. Put half a table-spoonful of 

o. IV. and three table-spoonfuls of water into a 
— and stir them well together with a stick, and 
put half of the mixture into another glass. If you 
add a few drops of No. I. into one of the glasses 
and stir it, it will be changed into a crimson; and 
a few drops of No. I. into the other glass, it will 
change it green, upon stirring it. | 

If you drop slowly into the green colour from the 
vide of the glass a few drops of No. I. you will per- 
ceive erimson at the bottom, ple in the middle, 
and green on the upper 4 and by adding a 
little of No. II. to FA other glass, the same colours 
will appear in different order. 

Experiments 5 and 6. If you put a tes · poouſul 
of No. V. into a glass, and add two or three table- 
spoonfuls of water to it, there will be no sensible 
colour produced; but if you add a little of No. III. 
to it, and stir it, you will perceive a very beautiful 


blue colour; upon adding a little of No. I. the co- 
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lour will justuntly disappear u etirring it; and 
buy adding a little of No. II. will re return again. 

Experiments 7 and 8. Put a tea-spoonful of No. VI. 
into half a glass of water, and stir it; add vradeally 
a little of No. II. and a white precipitate will fall 
down, which is magnesia; then add gradually of 
No. I. and stir it, and the liquor will become trans- 
parent. 

Experiments 9 and 10. Put a tea-spoonful of 
No. VII. into half a glass of water, and drop into it 
a little of No. VIII. and a black colour will be pro- 
duced; add a little of No. I. and the colour will be 
destroyed, and by adding some of No. II. be re- 


stored again. In all these experiments, stirring with 


a stick or piece of a match is necessary. 
Hperiment 11. Put three or four tea-spoonfuls 
of No. VI. into a glass, and add gradually of No. II. 
and stir it; a white solid body will b be — from 
the two liquids; this solid \body may be converted 
again into a liquid by adding copiously of No. I. 

Experiment 12. Mix equal parts of No. VI. and 
No: XXII. together and stir them well, let the mix- 
ture stand for a minute or two, and a solid body of 
_ erystallized salt will be produced. In the winter, 
the solid salt is produced mstantly by shaking them 
together; but to make it act instantaneously, the 
solution No. VI. should be fresh made. 

Experiment 13. Put half a tea-spoontul of No. VIII. 
into half a glass of water; by adding a few drops of 
2 XVII. a Prussian blue will be precipitated. 

xperiment 14, Is made with the phosphoric ether, 

VIII. to be used according to the following 
— Wet a lump of sugar about the size of 
a large nutmeg, and put it into a bowl or bason ot 
water, stirring it about a little with your finger; 
when there will instantly appear a pleasing illumi- 
nation, which, by blowing on it, will cause curious 
variations. The water should now be quite cold. 
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eriment 15, Is made with the solid phospho- 

o. XX. to produce beautiful fire-works in 
minikrie, thus: Put half a drachm of the phospho- 
rus inte a large pint Florence flask, holding it slant- 
ing that the phosphorus may not break the glass; 
pour upon it a gill and an half of water, and place 
the whole over a tea-kettle lamp; or any common 
tin lamp, filled with spirit of wine; light the 
wick, which should be almost half an inch from the 
flask; as soon as the water is heated, streams of fire 
will issue from the water by starts, resembling sky- 
rockets; some particles will adhere to the sides 
of the glass and represent stars, and will frequently 
display brilliant rays. And these appearances will 
continue at times till the water begins to simmer, 
when immediately a curious aurora borealis begins, 
and gradually ascends till it collects to a pointed 
flame; when it has continued about half a minute, 
blow out the flame of the lamp, and the apex that 
was formed will rush down, forming beautiful illu- 
mined clouds of fire rolling over each other for some 
time, which disappearing, a splendid hemisphere of, 
stars presents itself: after waiting a minute or two, 
light the lamp again, and nearly the same pheno- 
mena will be displayed as from the beginning. Let 
a repetition of lighting and blowing out the lamp be 
made for three or four times at least, that the stars 
may be increased; after the third or fourth time of 
blowing out the lamp, in a few minutes after the 
internal surface of the flask is dry, many of the stars 
will shoot with great splendor from side to side, and 
some of them will fire off with brilliant rays; and 
these appearances will continue several minutes. 
What remains in the flask will serve for the same 
experiment several times, and without adding any 
more water. Care should be taken, after the opera- 
tion is over, to lay the flask and water in a cool 
secure place. 

VOL. II. I 
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In using the solid phosphorus, let a cup of water 
be always near you; and, when, you write any thing 
with it upon a wall, &c, do not keep it more than 
half a minute at a time in your hand, for. fear the 
warmth of your hand should set it on fire: when 
you have wrote a few words with it, put the phos- 


phorus into the cup of water, and let it Stay a little 
to cool; you may th take it out and write wih it | 


A tick of phosp phorus put into a large dry phial 
not corked, will exhibit a light, in the dark sufficient 


to discern any thing in a room when held near it. 
This has lately been asserted to be similar to the 
sepulchral lamps of the ancients; but the phenomena 
of their perpetual light ma be explained upon a 


more rational principle. The phial should be kept 
in a cool place, where there is no great draft of air, 


and it will continue its luminous appearance for 
more than twelve months. 


Experiment 16, Is with the solution for firing bs, 


No. XIX. by this experiment the phlogiston is partly 
transferred to the copper, and it deflagrates. 


The directions are as follow: half a tea-spoonful of 


the solution being poured on the middle of a piece 
of tin foil; the foil must then be instantly folded 


over it on every side and pressed close: it will then 


take fire. The fumes being pernicious, had best be 
avoided as much as possible: it is best to perform 
the experiment under the chimney throat. The salt 
will have the same effect, but more slow; which, 


when used, must be put on the tin with a little 


spittle, folded, and pressed close as before; the dry 
salt having no effect without moisture. 
Experiment 17, If you mix about a tea-spoonful 


of each of the numbers XXI. and II, and put it 
into. a phial, you will produce a smelling salt; and 


if you add a few drops of water, and shake the whole 
in a phial, it will be very pungent. 
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THE POLLOWING EXPERIMENTS ARE BY 
JYMPATHETIC INKS, 


Write with a new pen with No. XIII. any words 
you please and let them dry, and they will be per- 
fectly invisible; then write any other words or name 
over it with No. XIV. observing to shake it well 
before you write with it, and it will seem as if written 
with common ink; when that is perfectly dry, pour 
a little of No. XV. on some tow, and with it wash 
off what was written with No. XIV. and what was 
written with No. XIII. will appear black. 

Green ink, If you draw a tree on paper with bare 
branches, with a black lead pencil, and with an hair 
pencil, or pen, form leaves on the branches with 
this ink; when it is perfectly dry, the leaves will not 
be discernible; but, upon warming the paper before 
the fire, the leaves will all appear of a beautiful 
green, as in summer; in about ten minutes they 
will disappear again, and represent winter; and by 
warming. the paper again, the leaves will re-appear. 
This may be repeated several times at your plea- 
sure. 

Obserye not to put the paper before a fierce fire, 
lest you” scorch it; and let it continue no longer 
before the fire, than till the leaves appear plain. 


A BRIEF ANALYSIS OF. WATERS'BY 
PRECIPITANTS. 


The elearness of water equal to that of crystal is 

a sign of tolerable pure water; on the contrary, a 
turbidness shews plainly that heterogeneous matters 
are so grossly mixed with it, as to obstruet the pas- 
* the rays of light. | 
hen the bottom is clay. or mud, the water“ is 
never perfectly clear; but when it runs over sand, it 
is in general very transparent, 
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Good water is entirely without colour; but all 
colourless waters are not to be considered as 

A brown colour, verging to red or yellow, is ſound 
in dull stagnant waters; it is sometimes occasioned 
by iron, sometimes by putrid extractive matters, and 
sometimes perhaps is derived from some unctuous 
substance. A blue colour indicates a solution of 
copper; a green one, that of iron. | | 

f, upon agitation, water emits a number of airy 
bubbles, a quantity of aerial acid is inherent. 

Good water has no smell; such as abounds in 
aerial acid, diffuses a 5 odour, Such as 
contains any hepar sulphur, yields a smell resembling 
that of putrid eggs, as Harrowgate water. | | 

Stagnant waters have a be utrid offensive smell. 
A nice taste will distinguish the difference of Several 
waters. 

Aerial acid occasions a gentle pungent acescent 
taste; a bitterness accompanies those waters which 
contain Glauber's salt, nitre, or magnes1a ; a slight 


austerity proceeds from lime and gypsum; a sweet 


astringency from alum; a saltishness from common 
salt; a lixivious flavour from alkali; a bitter astrin- 
gency from copper; and an inky taste from iron. 

Syrup of violets has been a . universal test for 
waters containing acid and alkali, by their being 
changed either green or red, as in Experiments III. 
and IV. This in general answers, except in chaly- 
beate and aluminous waters. _ 

Tincture of galls, No. VII. shews iron in water 
by changing it purple or black, as in Faperiments 
IX. and X. | 

If water contains any Aabnen it will be converted 
blue by droppi ng in a little of No, III. as Is $hewn 
in Experiments V. and VI 

- Phlogiaticated alkali, No. XVII. precipitates from 
water contuping iron a Prussian wa as in NN 
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ment xm. If water contains any copper, this al- 
kali precipitates a reddish brown colour. 
The fixed alkali; No. II. precipitates mugnesi 


from waters containing it, as in Experiments VII. 


and VII. 

A solution of soap copariies all earthy" matters, 
such as gypsum, lime, and magnesia, which are 
principally dissolved in hard water. 

A solution of silver in the acid of nitre, by a Single 
drop discovers whether there is any common salt! in 
water by producing white strie. 

A solution of mercury in acid of nitre gives dif- 
ferent precipitates. 

If waters are impregnated with, caustic vegetable 
alkali, a yellowish white; if with mineral alkali, yeE 
low, which soon grows white; if with volatile alkali; 
a greyish colour; with marine acid, common salt, 
and all other substances containing that acid, a 


f white precipitate. 2 ono or 7 


Lime water dropped into any water containing 
the aerial acid, is by means of the fixed air con- 
verted into chalx. | 1 0 


ELECTIVE ATTRACTIONS. 


| By elective attraction is understood, the power by 
which the constituent parts of bodies unite; but, as 
the cause of the power is unknown to us, we must 
consider it only as a power of combination. 

It may be a simple affinity or attraction, as is 
exemplified in mixing water with water, oil with oil, 
&c. or it may be compound, by ing heteroge- 
neous bodies together. | 

All bodies consisting of two or more constituent 
parts, may be said to be compounded by attraction; 
thus sea water contains not only common salt, but 
magnesia, and other substances; and even common 


Salt contains the marine acid and mineral alkali, 


\ 
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Though many bodies do unite by attraction, yet 
there are other bodies chat have a stronger attraction 
to one of the united bodies, than that which has 
been mixed with it. For, if I pour strong acid of 
vitriol on common salt, the marine acid will be ex- 
pelled, and the mineral alkali being united with the 
_ vitriolic acid, will form Glauber's salt. 

80 Epsom salt readily dissolves in water which 
attracts it; but upon ion of spirit of wine, the 
water having a stronger attraction to spirit of wine, 
quits the salt, which readily erystallizes at the bot- 
tom, as is exemplified 3 in experiment XII. but i in this 
case the solution must be more diluted. a 

Again, fixed alkaline salt, No. II. has a stronger 
attraotion to water; for, if you add spirit of wine to 
the dry fixed alkaline salt, he watery particles will 
be extracted from the spirit of wine, and the salt will 
be dissolved after shaking them, 

If to one ounce of sugar of lead is added a pound 
of water, the curious zinc tree, as it is called, may 
be produced by means of this solution. A pint glass 
decanter is to be filled with the solution; a circular- 
shaped brass ring suspended from the stopper, and 
to the upper extremity of this a lump or small bullet 
of zinc is to be fastened. The preparations being 
left for one evening, a very curious precipitation on 
the wire will take place, from the strong affinity that 
the zine has to the acid. 

There are various tables of afuition of bodies or 
elective attractions published, for improving students 
in chemistry, and are found of great utility. 

I have here added a small abridged table of affi - 
nities, to giye some idea of the use of them. 
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Fixed Volatile Acid of Acid of 


Water. Alkali. Alkali. Nitre, Vitriol. 
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{ Fixed Acid or Add of Fixed Fixed 
Alkali, | Vitriol. | Vitriol.] Alkali. | Alkali.“ 
| Spirit of | Acid of | Acid of | Volatile | Volatile | 
Wine. Nitre. | Nitre. Alkali. | Alkali. 


| | Acid of | Acid of jAbsorbent}Absorbent} 
| Salt, | Salt. | Earths. Earths. [ 
| | Acetotis | Acetous | / 


| | | — 
| i heb. > hood. | Iron. | Zinc. 


Water. | | Silver. Tin 
Spirit of 7 | 
Wine | | Lead, 


& «ud ap | Maron 
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EXPLANATION. 


The two columns of water have already been cx- 
plained; I shall now exemplify the column of the 
acid of nitre. Every one of the intermediate bodies 
between silver and the acid of nitre will precipitate 
the silver: but to proceed progressively. If to the 
solution of silver in the acid of nitre à little quick- 
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silver or mercury is added, the quicksilver will be 
dissolved, and the silver will fall down and form a 
resemblance of a tree called Arbor Diane, whose 
branches have the splendor of silver. The liquor 
will then be a solution of mercury; if you put a thin 
* of lead into this last solution, the mercury will 
precipitated in form of a calx or powder, and the 
liquor will be a solution of lead. If to this you add 
a thin slip of copper, the lead will fall down and the 
copper be dissolved: if to this solution of copper you 
put in a clean iron nail, the iron will be dissolved, 
and the copper in precipitating will receive phlogis- 
ton, or the inflammable principle from the iron, and 
incrustate the nail with pure copper, as far as the 
liquor reaches. Absorbent earths and volatile alkali 
will precipitate the iron, and fixed alkali either of 
the other precipitants. The last solution will be 
only salt-petre or nitre dissolved in water. 
The experiment of the Arbor Dianæ may be ex- 


hibited in a beautiful way from the following direc- 


tions: | 
Ona slip of glass, two inches long and one wide, 


lay a small quantity of the above solution of silver; 


then lay a small piece of brass or copper in the lower 


part, and you will see it vegetate into a beautiful sort 


of shrub immediately; then with a pencil draw a 
fluid stroke from the shrub, to the lower part of the 
glass, and it will form the body of the tree; and at 
the bottom a stroke may be drawn for the ground; 
then, sbaking a few brass filings over the body of the 
ground, it will complete the tree. If to the slip of 
glass is put on another of brass, and held in a coal 
tire till it becomes red-hot, the silver tree will appear 
to be converted into a gold one. Under a glass mag- 
nifier, or microscope; the silver vegetation. appears 
in a still more beautiful manner. 1 

If the fixed alkali be added to any of the solutions 
below it in the column, the substances dissolved will 
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be readily precipitated, and the liquor become salt- 
petre dissolved. 

To effect many of theee changes you must allow 
a day or two, as some of the metallic bodies dissolve 
slowly, and the more 80 without heat. 

To procure copper from waters impregnated with 
it, they put in a quantity of old iron, and the copper 
will be precipitated in its own form, and requires 
only to be melted, as it receives phlogiston from the 
iron which loses it whilst it is dissolving. 

You may easily conceive this, by putting the 
point of a Late into a little of No. V. in a glass, in 
a minute or two the part in contact with the liquor 
will be covered with a thin coat of copper; which 

is accounted for in the column of acid of vitriol, 
that acid having a stronger attraction to iron than 


copper. f 
AN ENTERTAINING METHOD OP DYEING 
. RIBBONS, h 


Into a small bason with a little water in it, drop 
some of the blue liquid dye, No. XXIV. and put 
any white ribbon into the mixture; and let it be well 
soaked for a minute or two, then press the liquor 
from it and wash the ribbon, and it will be of a blue 
colour; you may make it of any shade you like by 
adding more or less of No. XXIV. 

If to the same liquor you dip in a — ribbon, 
it will be dyed of a fine green; and if you immerge 
a red ribbon, a fine purple colour will be produced. 

The phial to be Shook well. before any FR is 
Pre out. 

Lou must be careful not to let any of the prepa- 
rations. fall on your cloaths, as many of them- wall 
Stain and injure them. To remove the stain on 
your fingers, wash chem 1 in water mixed with a little 
slacked lime, | | 
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LECTURE xv. 


ON OPTICS. 
Tur advances made i in the knowledge of optics in 
the last and present age, are such as do honour to 
human nature and bol es. The theory of light 
and colours by Sir ewton, 18 a piece so excel- 
lent for eh owe for judgment m —— ex- 
—.— and for drawing the proper conclusions 
them, that had it been Newton's single work, 
it would not only have done honour to him, but to 
the country that gave bim birth.“ Of the faculties 
called the five senses, sight is without doubt the 
most noble; the rays which minister to this sense, 
and of which without it we could never have had 
the least conception, are the most wonderful and 
astonishing part of the inanimate creation. 

Of this you will be satisfied when you consider 
their extreme minuteness; their inconceivable velo- 
city; the regular variety of colours which they ex- 
hibit; the invariable laws according to which they 
are acted upon by other bodies, in their reffexions 
and. refractions, without the least change of their 
original — and the facility with which they 
pervade bodies of great density, and of the closest 
texture, without resistance, without disturbing one 
another, withont giving the least sensible impulse 
to the lightest bodies. 

Heat and light may be considered as the children 
of fire, as kindred qualities produced by the same 
cause, sometimes exerting tbeir powers separately, 
sometimes united. We are, however, very ignorant 


* Sir J. Pringle's Discourses, p. 233. 
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of the intimate combinations of light and its mode 
of acting upon different bodies. Experiments upon 
vegetables give us reason to believe, that light com- 
bines with certain parts thereof, and that the 
of their leaves, and the various colours of their 
flowers, are chiefly owing to this combination: for 
— which grow in darkness, are perfectly white, 
guid, and unhealthy: to make them recover vi- 
ur, and acquire their natural colours, the direct 
influence of light is necessary. Somewhat similar 
takes place even upon animals, and mankind de 
nerate to a certain degree, when confined too olosely, 
or employed in sedentary manufactures. Though 
the sun is many millions of leagues from you, yet 
you see it as evidently, and feel its influence as pow- 
erfully, as if it were within your reach: it is within 
your existence. It supplies comfort and life to your 
animal body and life; and you could not survive an 
hour without its influence and operations. a 
Light is diffused on every side from its fountain, 
the sun: joined with air, it gives beauty and fruit- 
fulness to the earth, supports vegetable and animal 
life, and the various kinds of motions throughout 
the system of nature. By their manifold and bene- 
ficial operations, as well as by the beauty and mag- 
nificence they produce, they point us to HI who, 
in scripture, is called the Y or 60D, by whom 
all things were made and upholden. The sun shines 
forth by day, the moon and stars by night; though 
they are not endowed like man with the faculty of 
speech, yet they address themselves to the mind of 
the intelligent bcholder in another way, by the way 
of picture and representation. | 
Light introduces all nature to us, the trees, the 
flowers, the crystal streams, and azure sky: the fixed 
E of nature are eternally entombed beneath the 
ight; and we see nothing in fact but a creation of 
colours; nothing is an object of vision but light; 
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that which we call body or substance, that which 
reflects the various colours of light, lies hid beneath 
the appearance, is wrapt in impenetrable ohscurity. 
. Matter, at first sight, seems to be the only being 
we have correspondence with, to meet us eve 
where; but when we examine, it sbrinks like a 
phantom behind perception; we know it not; the 
closer we investigate its nature, the more it glides 
away from us, and all that we can at length ascer- 
tain, only points it out as a shadowy shrowd, under 
which 80VEREIGN POWER retires from plain view, 
and acts by regular laws. FR 

The eye is the instrument by which we perceive 

the effects of light; its structure, its appurtenances, 

the various contrivances for performing all its internal 
and external motions, clearly point it out to be the 
work of Divine Wisdom; and he must be very ig- 
norant of what has been discovered concerning it, or 
of a very strange cast of understanding, who can se- 
riously doubt, whether or not the rays of light, and 
the eye, were made for one another with consummate 
wisdom and perfect skill in opties. 

If you were to suppose an order of beings endue 
with every human faculty but that of sight, how in- 
credible would it appear to such beings, accustomed 
only to the slow information of touch, that by the 
addition of an organ, consisting of a ball and socket 
of .an inch diameter, they might be enabled in an 
instant of time, without changing their place, to 
view the disposition of a whole army, or the order of 
a battle, the figure of a manificent palace, or all 
the variety of a landscape? If a man were, by feeling, 
to find out the figure of the peak of Teneriffe, or 
even of St. Peter's church at Rome, it would be the 
work of a life-time. 
+ It would appear still more incredible to such be- 
ings as we have supposed, if they were informed of 
the discoveries that may be made by this little organ 
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in things far beyond the reach of any other sense; 
that by means of it we can find our way upon the 
pathless ocean; that we can traverse the globe, de- 
termine its figure, its dimensions, and delineate 
every region; that we can measure the plan 
orbs, and count the number of the heavenly host. 

Would it not appear still more astonishing to such 
beings, if they should be farther informed, that by 
means of this same organ we can perceive the tem- 
pers and dispositions, the affections and passions of 
our ſellow- creatures, even when they want most to 
conceal them? That by this organ we can often 

erceive- what is 8traight and crooked in the mind as 
well as the body; that it participates of every mental 
emotion, the softest and most tender, as well as the 
most violent and tumultuous; that it exhibits these 
emotions with force, and infuses into the soul of the 
spectator the fire and agitation of that mind in 
which they originate? To many mysterious thin 
must a blind man give credit. If he will believe the 
relations of those that see, his faith must exceed 
that which the poor sceptie derides as impossible, or 
condemns as absurd.“ It is not, therefore, without 
reason, that the faculty of seeing is looked upon as 
more noble than the other senses, as having some 
thing in it superior to sensation, as the sense of the 
understanding, the language of intelligence. 

The evidence of reason is called seeing, not feel- 
ing, smelling, tasting; nay, we express the divine 
knowledge by seeing, as that kind of knowledge 
which is most perfect in ourselves. 

In the preceding Lectures on Fire you have seen 
how every thing subsists, and is preserved in the 
midst of an element capable of destroying and con- 
suming all things; and yet, by its spontaneous ac- 
tion, it never destroys any thing. I have now to 


* Reid's Inquiry into the Human Mind, p. 152, 155. 
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treat of another agent; light is a property of fire; by 
its operation it makes us pass in the twinkling of an 
eye from a state of the thiekest darkness to that of 
the brightest day; it gives us as it were a new exist- 
ence, making us go out of ourselves, and enter into 
communion and commerce with the most distant ob- 
jects. Heat and light are undoubtedly the offspring 
of fire; but we are unequally unable to draw the line 


of separation, or to trace the bond that unites them. 


You need not be surprized at these various modifi- 
cations of the same fluid, when you reflect on what 
you have already seen in this world, where beauty is 
80 diversified, where being is so multiform, and yet 
where one and the same face of things is ever pre- 
sented to your view. | | 

As the eye among the organs of body, so optics 
among the branches of natural philosophy, is the 
most noble, curious, and useful; and this whether it 
is treating of simple vision, of that through glasses, 
or of the effects of mirrors, all still relates to the eye, 
and you are intimately concerned in all the pheno- 


mena of which it treats. If you cast your eyes on a 


large plain, and run rapidly over all the objects 
thereon, in an instant their image is exactly painted 
at the bottom of your eye; if you look through a te- 
lescope at a distant object, it appears as if it were 
within a few inches of the eye. Does age weaken 
the sight? a convex glass restores it again; if the 
eye be so formed as not to be capable of viewing dis- 
tant objects, a concave glass remedies the defect. 
Have you occasion for heat beyond the strength of 


the furnace? optics will instruct you how to obtain 


it from the solar rays. With a prism in your hand 
you decompose those rays in a most beautifu] manner, 
and shew that the rays of light, which appear to us 
uncoloured, consist of seven primitive colours. 

Amongst the various inventions of human art, 
there are none so justly entitled to your admiration, 
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5 as those which enlarge the powers of vision. And 
|; the discovery of optical instruments may be esteemed 
j amongst the most noble, as well. as amongst the most 
useful gifts, which the SUPREME; ARTIST has con- 
ferred on man, For all admirable as the eye came 
out of the hands of nix who made it, yet no organ 
of the animal frame hath HE permitted to be so much 
assisted by human contrivance, not only for the uses 
and comforts of life, but for the advancement. of na- 
tural science, whether as in microscopes, by giving 
form and proportion to the minute parts of bodies, 
as it were to the atoms of nature, imperceptible be- 
force; or, by contracting space, as by the telescope, 
and, as by magic art, bringing to view the grander 
objects of the universe, the immense distances of 
which had either disguised their aspect, or rendered 
them quite invisible.“ 

Yet so singular are the dispositions of men, who 
term themselves philosophers, that you will find 
them, on the one hand, denying the existence of all 
spiritual beings and spiritual agency; and, on the 
other, sooner than own and acknowledge the unity 
of design and wisdom, that is evident in all parts 
of creation, they will embrace the greatest absur- 
dities, and make fire and light to be mere qualities. 
That light is, however, the action of a material, real 
substance, will become very evident to you by a few 
considerations. | 9 

Ist. The motion of light is progressive, like all 
other bodies; and it has been proved by astrono- 
mers, that it takes about seven or eight minutes in 
passing from the sun to the earth. This discovery 
was first made by M. Romer, who having observed, 
that the eclipses of the satellites of Jupiter appeared 
sooner or later than they ought by theory, accord- 
ing as the earth was nearer to, or farther from, 


* Sir Job! Pringie's Discourses. 
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Jupiter, concluded from thence that the motion of 


light was not_instanfaneous; and by observing the' 
different times of - the appearances of these ecli 

according to the different distances of the earth om 
Jupiter, discovered the time it took up. This the- 


ory was further confirmed by a notable discovery of 
Dr. Bradley, of an apparent motion of the fixed 


stars, and en accounted for by the motion 
of light. 

From Dr. Bradley's observation it appears, chat 
light is propagated as far as from the sun to the earth 


in eight minutes twelve seconds. And it likewise 
appears, that the velocity — light is uniform and the 
same, whether original, rom the stars, or re- 


flected, as from the datellites of Jupiter. 
2. Light may be stopped or resisted in its 
from one place to another by the interposition of an 


opake body, as other fluids are stopped in their 


courses by the opposition of any solid substance. 
3. Like all other bodies in motion, it may be 
turned out of its rectilinear course, and have the 


determination of its motion changed; it may be 
collected into a small, or scattered e a e 8 


space. 


4. It acts upon the organs of animals; and upon 
all other bodies, in a similar manner as other fluid 


substances, striking them with a determined force, 


communicating to them a certain degree of motion, 


and separating their component parts. 
The velocity of light being known, we should be 
able to estimate the magnitude of its particles, if we 


were in possession of good observations of the effect 


of their momentum. For example, it is found that 


a ball from a cannon at its first discharge flies with 


a velocity of about a mile in eight seconds, and 
would therefore arrive at the sun in thirty-two years, 
supposing it to move with unremitted velocity. Now, 
light moves rough that space in about eight mi- 


GC Amy & = m9 


DEFINITIONS. 145 


nutes, which is two million times faster. But the 
forces with which bodies move are as their masses 
multiplied by their velocities: if therefore the parti- 
cles of light were equal in mass to the two-millionth 
part of a grain of sand, we should be no more able 
to endure their impulse, than that of sand when 
shot point blank from a cannon, * 


DEFINITIONS, 


The cause and nature of vision is property the 
subject of that part of philosophy which is called by 
the name of optics. But as light is a principal in- 
strument in effecting vision, the word optics is used 
in a more extensive sense, and every thing in philo- 
sophy is looked upon as a part of optics, which relates 
to the nature and qualities of light. 

When the word opties is used in the stricter sense 
for the theory of vision, the science of opties is di- 
vided into two parts; one part is called dioptrics, 
and the other catoptrics. 

The laws of 4 coma and the effects which the 
refraction of light has in vision, are the subject of 
dioptrics. 

The laws of reflexion, and the effects which the 
reflexion of light has in vision, are the subject of 
catoptrics. | Farhad 

hese distinctions will, however, be of little use 
to us, it not being necessary in these Lectures to 
keep the branches of optics distinct from each other. 

Whatever is seen or beheld by the eye, is by 
opticians called an object. 

They consider every luminous object as made up 
of a vast number of minute points; and that each of 
these points, by an unknown power, sends forth 
rays of light in all directions, and is thus the center 


* Nicholson's Introduction to Philosophy, vol. i. p. 256, 
TSS. 1 - K 
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of a sphere of light extending indefinitely on all sides. 
To render this clearer, consider this small brilliant 
object that I place upon the table, and you will find 
that you can see it from any part of the room; it is 
therefore evident, that rays of light must proceed 
from all parts of it, and extend indefinitely on all 
sides. | 
By a ray of light, is usually meant, the least par- 

ticle of light that can either be intercepted alone, 
whilst all the rest are suffered to pass, or that can be 
let to pass alone, whilst all the rest are intercepted. 

Any parcel of rays diverging from a point, consi- 
dered as separate from the rest, is called à pencil of 
s. 4071 

By a medium, in the language of opticians, is 
meant any pellucid or transparent body, which suf- 
fers light to pass through it. Thus water, air, a 
diamond, and glass, are called mediums. 

One medium is said to be more dense than another, 
when it contains more matter in the same bulk and 
size: thus glass is more dense than water, water is 


% 


more dense than air. | 
A small object, or physical point of an object, con- 
sidered as propagating light towards a certain part, is 
sometimes 1 a radiant, or radiating point. 
Those rays which proceed from any point at a very 
| — distance, may be considered as parallel rays; 
r the greater the distance of the point from whence 


rays flow, the nearer do they approach a parallel 
direction. 


OF THE GENERAL PRINCIPLES ON WHICH OPTI. 
CAL. DEMONSTRATIONS ARE POUNDED. 


To illustrate and explain some of the general 
principles of opties, I Shall darken this room, and 
only admit the light by a small hole; opposite to the 
hole I shall place a white screen. Now, if you look 


— 
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at the screen, you will observe thereon a picture of 
all the exterior objects which are opposite the hole, 
with all their natural colours: the colours are faintly 
depicted; the images of the objects that are statio- 
nary, as houses, trees, &. are fixed and stationary 
in the picture; while the i images of those that are in 
motion, as those of horses, &c. are seen to move. 
You observe that the image of every object is in- 
yerted; this is occasioned by the rays of light cross- 
ing ench other as they pass through the hole. The 
sun shines this moment on the hole, as you may see 
by the luminous ray proceeding from it to the screen. 
Now, if either of you will place your eye in this ray, 
you will find that your eye, the sun, and the hole, 
are in one and the same straight line. It is the same 
with every other object which is depicted on the 
screen. The images of the objects are smaller in 
proportion as the objects are further from the hole. 

Let us now consider a few among the many im- 
portant inferences that may be deduced from the 
toregoing experiment. 

It must be evident to you, that lot moves or 
acts in a straight line; for you saw that your eye, the 
image of the object, and the object, were always in 
a right line. This is also plain from the shadows 
which opake bodies cast; for if the light did not 
describe straight lines, there would be no shadow: 
it is equally plain from lights finding no passage 
through bent tubes. 

As the rays of light are constantly propagated i in 
right lines from luminous bodies, whenever I have 
occasion to represent a ray of light, I shall do it by 
a straight line reaching 4 a luminous body to the 
body illumined; that is, I shall speak of the line 
which the ray describes, as if it was the ray itself. 

It is manifest also that light consists of parts both 
successive and cotemporary, because in the same 
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place you may stop that which comes one moment, 


and let pass that which comes presently after; and 


at the same time you may stop it in any one place, 
and let it pass in any other. In other words, the 
light which falls upon an object all at once, at the 
same instant, is cotemporary; the light which from 
time to time continues to fall on an object is guc- 
cessive, consisting of parts following one another. 

A second inference deducible from our experi- 


ment is, that a luminous point may be seen from all 


places to which a Straight line can be drawn without 
meeting with an intervening obstacle, This must be 
evident to you, when you remember.that the pic- 
ture of an object in motion in these experiments was 
visible as long as it was in a line with the hole and 
screen. AS | . 

It follows from hence, that a luminous point, by 
some unknown power, sends forth rays in all direc- 
tions; and may be considered as the center of a 
sphere of light extending indefinitely on all sides. 

This you may understand still better by looking at 
plate 1, (Optics) fig. 1; where you find the point, O, 
of the dart is visible to an eye placed in either of the 
situations A, B, C, D, E, FE, G, or their intervals. 

If you conceive some of these rays to be inter- 

cepted by a plane, then is the luminous point the 
summit of a pyramid, the body of which is formed 
by the rays proceeding 8 the base is the 
intercepting plane. | 

The image of the surface of an object on the 
screen, is also the base of a pyramid of light, the 
summit of which is the bole, The rays which form 
this pyramid eross at the hole, and there form ano- 
ther pyramid, of which the hole is again the summit, 
but the surface of the object is the base. 
An object is visible because all its points are radiant 


Points. Rays of light are incessantly . propagated 
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from every physical point of an object, otherwise the 


whole object would not be visible; and that all at 
once, and to all positions of the eye. Weck 4 

For wheresoever a spectator is placed with respect 
to a luminous body, every point of that part of the 
surface which is turned towards him, is visible; each 
point is therefore a radiant point, emitting rays in 
all directions; and those rays only are stopped in 
their passage by an interposed object, which would 
be intercepted upon the supposition that the rays 
move in right lines. | | 
Another inference which you will make, is this, 
that the particles of light are indefinitely small; for the 
rays, which proceed from the points of all the objects 
opposite to the hole, pass through it without con- 
founding or embarrassing each other. ue. cg 
minute they must be, when myriads can move all 
manner of ways without impinging one another; 
and that this is the case, you cannot doubt, since 
different bodies, and different parts of the same body 
are distinctly visible at the same time. How curious 
must be the texture of the eye to be sensible of those 
small impulses, and to distinguish at the same time 
those from different objects! 

If you make a hole with a pin in a piece of paper, 
and look through it, you see all the objects that are 
before you, be they ever so many; now, since these 
objects, and each point of these objects, become vi- 
sible by means of the rays of light coming from 
thence to the object, you may form some idea of 
their extreme minuteness. If a common. tallow can- 
dle be lighted, and set by night on an high tower, it 
may be seen all round at the distance of half a mile 
from the tower: wherefore there is no place within a 
sphere of a mile diameter in which the eye can be 
placed, where it will not receive some rays from this 
small flame. Rays of light will puss without conſu- 
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sion through a small puncture in a piece of paper 
from several candles in a line parallel to the paper, 
and form distinct _ on a sheet of pasteboard 
placed behind the 

Every ray of lig. ; . with it the image of the 
point from which it was emitted.* If, therefore, all 
the rays coming from any point are united in the 
same order in whieh they proceeded, or were emit- 
ted, there will be a perfect representation or image 
of that object, at the place where they are thus or- 
derly united. 

Another property in the rays of light is their reflex- 
zbility, or . of being turned back into the 
medium from whence they came; and in this they 
observe the same mechanical laws with other bodies 
in their reflexions, that is, the angle of reflexion is 
always equal to the angle of incidence. The truth of 
this position may be confirmed by many experiments; 
one or two will be sufficient. vs return to our 
dark room, and I shall, by means of a plane mirror 
without, let a beam of solar light pass through the 
Hole upon this part of the floor: where the beam 
falls, I put a looking-glass; I now fill the room with 
dust to render the beam of light more visible, and 
you see that it is reflected back into the air; and 
that the inclination of the reflected beam is exactly 
the same as that of the incident beam. This law 
may be confirmed by another easy experiment, which 
J will shew you in the next room. Here is a gra- 
duated semicircle, at the center of which is a small 
piece of looking-glass: I place a small object on the 
graduated edge of the 8emicircle, and on the oppo- 
site quadrant thereof, and exactly at the same an- 
gle, 1 place the sight. Now, if either of you look 


| through the sight, you will see the object; but if 


De la Caille, Lecons d'Optique, p. 24. 
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you remove the sight- piece a little higher or lower, 
you will not perceive the object.* | 


OP REPRACTION. 


There is another property of light, which is its 
refrangibility, or disposition to be refracted, or 
turned out of its straight course, in passing obliquely 
out of one medium into another of different density. 
This refraction is greater or less, that is, the rays 
are more or less bent and turned aside from their 
path, as the medium through which they pass is 
more or less dense. Thus, for instance, the rays are 
more refracted in passing from air into glass, than 
from air into water; and glass is, you know, much 
more dense than water; the denser the medium, the 
more the rays are bent, and m—_—_— a perpendi- 
cular let fall upon its surface. I would be under 
stood always to sptak of the rays which fall obliquely 
upon these mediums; for those rays which fall per- 
—— do not suffer any deviation, the refrac- 
on only taking place when the rays fall obliquely, and 
is so much greater as their incidence is more oblique, 
and the medium more dense. After having taken 
the new direction, the ray again proceeds invariably 
in a straight line, till it meets with a different me- 
dium, when it is again turned out of its course. 
Take an empty bason, and at the diameter of the 
bottom fix marks at a small distance from each other; 
then take it into the dark room, and let in a ray of 


* Let ABC be the semicircle divided into 180 degrees, from 
A to B, and from C to B, 90?; a ray of light from an object, D, 
falling on the mirror, E, will be reflected at the same angle at F, 
to the eye at G. If the mirror is moved to the angle of 4569, H, an 
eye at B will have perceived all the objects reflected from the hori- 
20n to 90?; or from B to A, or the angle observed but double of 
the angular motion of the reflecting mirror. This is the excellent 
property of the Hadley's reflecting octant, which admits of the arg 
of 45* divisible into 90. Epir. | | 
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light; and where this falls upon the floor, place 
your bason, so that its marked diameter may point 
towards the window, and so that the beam may fall 
on the mark most distant from the window. This 
done, fill the bason with water, and you will observe, 
that the beam, which before fell upon the most dis- 
tant mark, will now, by the refractive power of the 
water, be turned out of its straight course, and will 
fall two or three, or more marks nearer to the center 
of the bason. * 8 

Make the water in the bason muddy, but not so 
much so as ta destroy its transparency, which you 
may easily do, by dropping therein a few drops of 
milk, or dissolving in it some grains of saccharum 
saturni; then fill the room with dust, and the beam 
of light will be very visible, both in its passage 


through the air and the water, and you will observe 


very distinctly three beams, that of incidence, 
which, in coming through the hole, falls obliquely 
on the water; that of reflexion from the surface of 
the water, making the angle of reflexion equal to 
that of incidence; and that of refraction, which 
from the surface where it was bent, moves on in a 
straight line to the bottom of the bason. All things 
remaining the same, place a small piece of looking- 
728 at the bottom of the bason, where the refracted 
eam falls, and it will thereby be reflected back 
again through the water, and, in passing out of the 
water into the air, will be again retracted or turned 
out of its course. 8 aft ich aan 4 
Another, though very common experiment, will 
give you a clear idea of the power of refraction; 
place a piece of money at the bottom of this bason, 
and walk back therefrom till you cannot see the 
— of money; let some water be poured into the 
ason; and as before you could not see the piece of 
money where it was, you will now see it where it is 
not. It is not your eye that has changed place, but 
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the ray of light has taken a new direction in passing 
from the water into the eye, and strikes your eye as 
if it came from the piece of money. This experi- 

ment seldom fails to surprize those, who are unac- 
quainted with the properties of light; as they do not 
comprehend how the filling the vessel with water can 
make them see an object placed at the bottom, and 
which was not visible to them before, being concealed 
by the edge of the vessel. 5 

The advantages we derive from the refraction of 
light are inestimable: without this property we 
should have figured glasses in vain, and telescopes 
and microscopes would not have existed. The re- 
fraction of light at the surfaces of transparent bo- 
dies was taken notice of by the ancients. Aristotle 
has a problem concerning the apparent curvity of 
an oar in water. And Archimedes is said to have 
written on the appearance of a ring or circle under 
water. Alhazen the Arabian, and Vitellio, thought 
that the angles of incidence and refraction were in 
a given ratio; but the proportion they laid down 
being found erroneous in large angles, the subject 
was examined more strictly by the moderns. Kepler 
among the rest made several experiments concernin 
it, and though he missed his aim, his attempts and 
conjectures were useful to others. After the inven- 
tion of the telescope, this subject being thought 
more valuable than before, was farther pursued; and 
Snellius found out the truth: but Descartes was the 
first who published, that the sines of incidence and re- 
fraction, and not their angles, are in à given ratio. 

In explaining this subject, as well as in other parts 
of optics, J must have recourse to diagrams, as the 
theory will require all your attention; but you will 
not, I hope, permit the thorns and briars, which in- 
terrupt the path of science, to prevent your proceed- 
ing therein; for whateyer is good can only be ob- 
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tained by labour; and science, like virtue, disdains 
the slothful and the negligent. l 
Let BC, plate 1, fig. 2, represent the surface of 
water, or any other transparent medium denser than 
air. Let A be the point of incidence, in which any 
ray, coming through the air from F, falls upon the 
surface of the water, where it is refracted its 
straight course AK, into the line AG. About A, as 
a center with the radius AF, describe the circle 
BFCKE; at the point of incidence A, erect a per- 
e AD, and produce it downward to E; 
from F, upon the line AD, let fall the perpendicular 
FH, and from G, upon AE, let fall the perpendi- 
cular Gl. | | 5 
The angle FAD, which the incident ray FA 
makes the K DA, is the angle of in- 
cidence. The line FH is the sine of the angle of in- 
eidence FAD. © Up er <-pingg 
The angle GAE, which 'the refracted ray GA 
makes with the perpendicular AE, is the angle of 
refraction, The line GT is the sine of the angle of 
refraction. _ (ohh . 
The angle KAG, contained between the line of 
direction of an incident ray and the direction of the 
same ray after it is refracted, is the angle of deviation. 
These things being understood, I may now inen- 
tion to you the laws of refraction, which have by re- 
peated experiments been found to be general, and 
without any exception. e n 
1. The angles of refraction and incidence lie in one 
and the same plane, that is, in the plane drawn through 
the incident ray, and the perpendicular at the point 
of incidence. | | | 
2. The rays of light are always refracted when they 
pass obliquely from one medium into another, whose 
densily is different from that of the first. 8 
3. A ray of light falling obliquely upon the surface 
of a denser medium is refracted towards the perpendi- 
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amar, that is, so that the angle of refraction be less 
than the angle of incidence: on the contrary, the 
refraction out of a denser medium into a rarer, as out 
of glass into air or water, is made from the perpendi- 
cular, so that the angle of refraction be greater than 
the angle of incidence. , an, 

4. When a ray of light is refracted out of air into 
a given medium, or ont of a given medium into air, 
the sine of the angle of incidence is to the sine of the 
angle of the refraction in @_ given ratio; in other 
words, there is a certain and immutable law or rule 
by which refraction is always performed; and that is 
this: whatever inclination a ray of light has to the 
surface of any medium before it enters it, the degree 
of refraction will always be such, that the proportion 
between the sine of the angle of its incidence, and 
that of the angle of its refraction, will always be the 
same in that medium. | — I 

Hence if that proportion be known in any one 
inclination of the incident ray, it is known in all 
inclinations, and 'thereby the refraction in all cases 
of incidence on the same refracting ray may be de- 
termined, 

When a ray of light is refracted out of air into 
glass the sine of incidence is to the sine of refraction 
as 31 to 20, or as 3 to 2 nearly; or out of air into 
water, as 4 to 3. Hence the sine of incidence is ta 
the sine of refraction, when a ray passes out of water 
into glass, as 4 to , or as 93 to 80. | 

5. Aray of light cannot pass out of a denser medium, 
into a rarer, if the angle of incidence exceeds a certain 
limit; * that is, when the sine of incidence has a 
greater proportion to radius, than it has to the sine 


* 


of refraction. | 


* These laws, &c. are demonstrated upon the principle, that 
light is a homogeneal substance; and though light will appear to be 
compounded of several rays, yet the principles of refraction, &c. 
are true when applied to rays of any one sort. 
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A ray of light will not pass out of glass into air, 
if the angle of incidence exceeds 40 117, the sine of 
which is 37 parts of the radius; or out of glass into 
water, if the angle of incidence exceeds about 59 200. 
Refraction will be changed into reflexion. 1 
In general, the densest mediums resist the action 
of light more than those that are rarer, the angle 
of refraction being smaller than that of incidence: 
and, on the other 1 the rarest mediums seem to 
resist it less: and it has been laid down as a law, that 
all bodies have their refractive powers proportional 
to their densities, excepting so far as they partake 
more or less of sulphureous oily particles. Mr. Bris- 
son has shewn, in the Memoirs of the Academy of 
Sciences for 1777, that the refractive power of in- 
flammable bodies, compared together, does not fol- 
low the ratio of their densities. | 
6. All *r is reciprocal. If a ray of light 
be refracted in passing out of one medium into an- 
other; then, if that ray were to return back again, 
it would be refracted just as much the contrary way: 
or, if the refracted ray becomes the incident ray, 
then the incident ray will become the refracted one. 
When the angle of incidence is increased, the 
corresponding angle of refraction will also be in- 
creased. If two angles of incidence be equal to each 
other, the angles of refraction will be also equal. 
In the same manner, if the one be diminished, the 
other will also be diminished; so that if one of these 
angles becomes infinitely small, the other becomes so 
also. „ | 
The direction of a ray ts not changed, if it moves 
through a medium termmated by two surfaces parallel 
fo each other; for as much as it is turned towards 
any side at its entrance, so much is it exactly turned 
the other way, as it goes out of the said medium. 
While a ray moves in the same uniform medium, 
it does not change its direction, 
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In a free medium the force and intensity of«light pro- 
pagated in parallel rays is always the same. 

For in such a medium there is nothing to impede 
its progress, hinder its action, retard its velocity, or 
change its direction. N Cs? 

In a free medium the force and intensity of the hight, 
which is propagated by rays proceeding from the same 
point, are in an inverse ratio of the squares of the dis- 
tances from this point. This is manifest from the 
principles of geometry, and I shall soon render it 
evident to you by experiment. | 

It scarcely, however, wants any experimental proof; 
for light radiating from a center, its intensity must 
decrease, as all rays do that proceed from a center; 
i. e. must necessarily become thinner and thinner, 
continually spreading themselves, as they pass along, 
into a larger space, and that in proportion to the 
squares of their distance from the body; that is, 
at the distance of two spaces, they are four times 
thinner, or less intense, than they are at one, and 
so on, because they spread themselves in a two- 
fold manner, upwards and downwards, and side- 
ways. | PRESSE 

If the light, which flows from a point, and passes 
through a square hole, as be d e, plate 1, fig. 3, be 
receiyed upon a plane, BCDE, placed parallel to the 
plane of the hole; and the distance, AB, be double 
of Ab; then the length and breadth of the shadow, 
BD, will each be double the length and breadth of 
the plane, bd, and treble when AB 1s treble of A b, 
and so on; as you may easily prove by the light of a 
candle placed at A. _ 

Hence luminous bodies, or those that shine with 
their own light, are considerably brighter than opake 
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bodies illuminated by them; for opake bodies disperse 
the light falling upon them in all manner of ways: 
whence supposing all the light to be reflected, the 
quantity received by the cye from the opake body, 
compared with that received from the luminous 
body, is only as the visible illuminated surface of 
the opake body to the surface of an hemisphere, 
whose radius is the distance of the opake body from 
the eye; supposing the breadth of the pupil to be the 
same in both cases, and that the sum of the distances 
of the wh wy body from the eye, and from the lumi- 

nous body, differs insensibly from the direct distance 
of the luminous body from the eye. 

Hence the light of the full moon at a medium is 
about 300,000 times fainter, or rarer, than the sun's 
light, when at the same height above the horizon, all 
other circumstances being the same, as will a 
by comparing the moon's apparent disk to the surface 
of a hemisphere. Whence it is easy to conceive, 
that since we can bear the sun's heat, we cannot be 
sensible of any from the moon. 

Though accurate methods may be used for in- 
vestigating the intensity of the moon's light, they 
are too abstruse for our Lectures. But the follow- 
ing consideration is level to every capacity: when 
the moon is visible in the day- time, its light is 86 
nearly equal to that of the lighter thin clouds, that 
it is with difficulty distinguished amongst them. 
Its light continues the same during the night; but 
the absence of the sun permitting the aperture of 
the pupil of the eye to dilate itself, it becomes more 
conspicuous.“ N | | 
lt follows, therefore, that if every part of the sky 
were equally luminous with the moon's disk, the 
light would be the same as if in the day-time it were 
| eovered with the above-mentioned thin cloud. This 


day light is canscquently in proportion to that of the 
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moon, as the whole surface of the visible hemis- 
. phere is to the surface of the moon, that is, nearly as 
90,000 to 1,”"* e 
We do not know any medium that is free, or per- 
fectly transparent; even the air, the most rare and 
transparent we are acquainted with, is full of opake 
particles that impede the light; this is manifest 
from the phenomenon of a beam of light let in 
through a small hale in the room, which beam is 
visible like a luminous cone from every part of the 
room. This shews, that the whole light does not go 
forward in its rectilinear course, but that at every 
point of the medium through which it passeth, some 
part of it is reflected every way; for the visibility 
of the luminous cone is caused by this reflexion, 
The greater faintness of the sun and the moon, when 
near the horizon, than when elevated higher up, 
shews also that their light is more obstructed, the 
tract of air and vapours being longer in one case 
than the other; the loss of light passing through 
glass is still greater. | | 
The surface also of bodies both transparent and 
opake, being for the most part uneven, it necessarily 
follows, that abundance of light is dissipated even 
by bodies the most transparent, some being reflected, 
some refracted towards different parts by their un- 
even surfaces, whilst other parts are refracted and 
reflected with some uniformity. This accounts for 
a person seeing through water, and his image being 
reflected by it at the same time; and shews why, in 
the dusk, the furniture in a room may be seen by the 
reflection of a window glass, whilst objects that are 
without are scen through it. | 
Ihe quantity of light contained in any pencil is 
continually diminished, the greater the distance from 
the radiant; and this diminution is greater or less, 


* Nicholson's Introduction to N atural Philosophy, vol. i. p. 166. 
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1 
according to the greater or less degree of opacity in 
the medium through which it passes. 


This makes it impossible to assign exactly the dif- | 


ferent proportions of the density of light, at dif- 
ferent distances from the radiant; but in all cases, 
the decrease of the density of light is greater than 
the squares of the said distances. And this decrease 
is the reason why objects appear less bright, the 
farther they are from the spectator. 


If none of the rays were intercepted in their pas- 


sage, the degree of brightness of the picture of an 
object upon the. retina, would be the same at all 
distances between the eye and the object, supposing 
the aperture of the pupil of the eye to remain the 
same. For in that case the magnitude of the picture 
upon the retina, and the density of light, would 


increase or decrease together in the same propor- 


tion, vix. reciprocally as the square of the distances 
of the eye from the object; and therefore the den- 
sity of the light upon the retina would be invariable 
at all distances. For example; - when the eye ap- 


proaches as near again to the object, the picture 


upon the retina becomes quadruple; and the quan- 
tity of light received from the object through the 
same aperture of the pupil at half the distance is 
also quadruple; and this being equally spread over 
four times the surface of the retina, the light is just 
as dense-as before, when the object was at twice the 
distance. . 


Luminous bodies shining in the dark, as a lamp 


or torch, &c. emit to very great distances much more 


light than in that case is necessary for vision: and 
though their light suffers a continual diminution 
by the heterogeneity of the medium, the farther 
it goes; yet there being still more left than is neces- 
sary for vision, their splendor is not sensibly in- 


_ exeased or diminished, by lessening or increasing 


their distances. 
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Light is not only diverted out of its course by 
reflexion from the bodies it meets with, but a great 
part of it is also frequently suffocated, or as it were 


destroyed by them; for it is manifest, that black or 
dark bodies reflect much less light than others of 
lighter colours and, it is probable, that no bodies 
reflect all they receive. | | 

The power of the eye to discern objects without 
inconvenience by different quantities of light is very 
extensive; for not only objects of different colours, 
placed in the same light, are seen with equal case, 
but even objects so small as the letters of a book may 
be distinguished and. read by a clear moon-light. 
Now, admitting the surface of the eye's pupil to be 
ten times greater in a weak than in a strong light, 
yet the proportion of the weakest light to the 
strongest, by which the eye can conveniently see ob- 


jects, perhaps, does not exceed that of 1 to 10;000: 


How exquisite are our faculties! | 

Experience shews, that objects appear so much 
more obscure as they are more distant, and at last 
cease to be visible: this obscurity arises from the 


passage of the rays of light through the air, a me- 


* 


dium dense and foul enough to obstruct them in a 


very great degree, and dissipate a prodigious quan- 
tity in the interval between the eye and the object. 
The experiments and calculations of M. Bouguer 
shew, that 100th part of the light is lost at 189 fa- 
thoms of horizontal distance; hat 7469 fathoms, or 
about 34 leagues, dissipates one third of the light; 
and that they cease at last to be visible, because 
the images by their diminutign in size and light 
are incapable of making a culficiens impression on 
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By a calculation founded on experim nt, M. Bou- 
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guer has shewn, that of 19,000. rays, that pro- 


ceeding from a star would reach our, eye, if it were 
not for tn 
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eir passing through the atmosphere, there 
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reach it no more than are set d 
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own in the following 


table: ; 
Degrees | grees | Number grees | Num 
f apparent f t of nt of 
Altitude. . Altitude. Rays. Altitude. Rays. 
| 0 5 8 | 2423 a 30 | 6613 
480. 47 '9 | 2797 35 | 6963 
| 2 192 10 | 3149 40 | 7237 
3. 454 11 3472 50 | 7624 
| 4 802 12 | 3773 60 | 7866 
TR. 1201 15 | 4551 70 | 8016 
1 6 | 1616 20 | 5474 80 | 8098 
ſ : 7 {1 2081 2 j 60130 s | 8125 
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M. Bouguer has also shewn by experiment, 
1. That the light of the sun is about 300,000 times 
stronger than the light of the full moon, when at its 
mean distance from the earth, 

2. That the light of the sun is not sensible when 
it is diminished 1,000,000,000,000 times, and of 
course, that a body is truly opake when it permits 
only 1,000,000,000,000 part of the sun's light to 
pass through it. 


\ 


OF IMAGES AND FOCI, 


On account of the extreme minuteness of the 


atoms of light, it is clear, that a single ray, or even 
a small number of rays, cannot make a sensible im- 
pression on the organ of sight, of which the fibres 
are very coarse when compared to the rays of light. 
A great number of rays of light 
Same point or portion of the surface of the body are 
necessary to render this portion visible. But as the 
rays of light proceeding from the same 
wider from each other the farther they extend, it 
has been necessary for particular purposes either 


proceeding from the 


int are 
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to bring them near and unite them together in a 
point, or to separate them from each other. 5 


We are able by the assistance of glasses to unite, | 


in one sensible point, a great number of rays pro- 
ceeding from the same * mg of an object; the rays, 
thus united in point, form an image of that point 
of the object from which they proceed; this image 
is brighter in proportion as there are more rays 
united, and more distinct in proportion as the order 
in which they proceed, is better preserved in their 
union. On placing a polished and white plane at 
the place of their anion, you will see this image 
painted in all its proper colours, if no adventitious 
light is permitted to disturb or render it confused. 

The point of union of the rays of light, formed 
by means of a glass lens or a mirror, is called the 
focus of this glass or mirror. If this union is real, 
the focus is called a real focus, or simply focus: it 
is the place where the image of the object is formed, 
and proceeds to form another image in the eye, as 
if it were the real object. If this point of union is 
nothing more than a point, to which the rays in 
the new direction which has been given to them 
tend, but are not actually united, this point is called 
an imaginary focus. It is also the place where the 
object rs really to be, when several of the rays 
which have been dispersed, enter in sufficient 

uantity into the eye to form a sensible image of 
the object. For an object always appears to be 
in that place from whence its light seems to come 
to our eye, - mo 

Since every ray carries with it the image of the 
object from whence it proceeds, it follows, that if 


the rays, after having crossed each other, and having 


formed an image at their intersection, are again 


united after either reflexion or refraction, they will 


form a new image; and so on for ever, as long as 
their order is not confounded. We may thus form 
L 2 


i | | 
| 
| 
| 
| 
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images of the same object, as often, as we can unite 
the proceeding rays without confounding them. 

It follows, that so long. as the progress only of 
the rays of light are attended to, the image may be 
considered as the object, and the object as the image; 
and even a second image, as if the first had been the 
original object, &c. 
The rays of light may be differently dispoged rela- 
tively to each other, and may be considered as pa- 
rallel, diverging, or converging. 

The rays are parallel when they always keep at 
the same distance from each other. 
Those rays which, in proceeding from a point, 
continually recede from each other, are called di- 
verging rays. 

Those rays are named converging, which, pro- 
' eceding from various parts, approach nearer to each 
other in their progress, having a tendency to unite 
in one point. [os Aa 

When two mediums touch each other, their sur- 
faces must be either Plane, or conveæ, or concave; 
and the rays which acting together pass through 
these mediums, may be considered either as parallel, 
converging, or diverging. We will examine together 
the effects arising from these different circum- 
stances. In speaking of convex or concave sur- 
faces, I shall only consider those that are spheri- 
cally ; such. hs 
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OE RE@EA CTION AT A PLANE SURFACE... 


Case 1. When incident parallel rays pass obliquely 
from a rare into a dense medium terminated by a plane 
surface, and from this into the same rare medium again. 

To perform the experiments for this and many 
other parts of optics, I use that part of the solar 
microscope that carries the, mirror, fixing it, as in 
the present instance, to a window-shutter; on darkr 
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ening the room, can thereby reflect readily the 
solat rays into the room, and pass them through 
the tube belonging to the microscope;, I can render 


them parallel, convergent, or divergent, according 


0 the lenses I adapt thereto. 

The lens now in the tube makes the pencil pro- 
ceeding therefrom cylindrical; this pencil, by turn- 
ing the mirror, falls obliquely on the sides of this box; 
plate 1, fig. 5, whose sides are of glass; each end 
has a circular aperture for occasionally receiving a 
meniscus, or kind of watch-glass, which may be 
placed either with the convex or concave side out- 
wards; the box is made N and is furnished 
with a cock for more eas] p emptying it of water. 

The ray of light at A; plate 1, fg. 6, entering from 
the tube the hou filled with water, is refracted to B, 
and forms there, upon this card placed against the ide 
of the box, a luminous circle, exactly the same size as 
that which entered the box at A: on removing the 
card, and letting the ray of light proceed in the air, 
you see that it goes on in a direction exactly parallel 
to the incident ray, being of the same size through 
its whole length. 

The two pencils of light EA, EA, after being 
by: refraction bent nearer the perpendiculars pPp- 
PP, move on parallel to each other; and on being 
again refracted, and separating from the perpendi- 
culars s p, s p, you will find, by measuring the 
distance between them, that they still retain their 
parallelism. | 

From hence it follows, that incident parallel rays 
passing obliquely from air into a mass of water ter- 
minated by a plane surface, preserve their barallelism 
in entering and going out of the water. The same 
is true of other mediums which differ in density, but 
have only a moderate euere as in our Present 
experiment, 
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This may be further illustrated by a Gagrom, 
plate 1, fig. 4. Let ABC be a solid piece of glass 
with two parallel surfaces AB, CD, and let the in- 
cident ray, EF, be refracted into FG; then will FG 
be refracted by the second surface into GH, parallel 
to EF, or in the same direction as EF, because the 
angle at F is equal to the angle of refraction at G; 
and therefore the angle of incidence at F will be 
equal to the angle of refraction at G. 

. Case 2. When converging incident rays pass from 
a rare into a dense medium, and from this again into 
the same rare medium. 

For this experiment, I put into the tube a lens, 
somewhat more convex than what we used before; 
so that the pencil of light that issues from the tube 
bs now in the form of a long cone, whose base is the 

ens. 4 

I fill the box with water, and present it towards 
the light, so that the side AD, plate 1, fig.7, m 
be perpendicular to the axis of the cone, and in su 
manner that the point or extremity of the cone may 
reach the further side, BC, of the box. 

I empty the box of its water, and the cone of light 
becomes sensibly shorter, terminating as at E. By 
bringing the box nearer to the window, so that the 
point of the cone may pass beyond the further side, 
the cone is no longer of a regular shape, but as it ap- 

at FG, and the point is removed somewhat fur- 
ther distant. 

This experiment shews, that the rays of light do 
not converge so soon when they pass from a rare 
medium into one more dense; and that, on the 
contrary, they converge sooner than they would 
otherwise do, when they pass from a dense into a 
rare medium, In other words, when converging 
rays go from a rare into a dense medium, they be- 
come less convergent; but their convergence is 
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reased in passing from a dense into a rare me- 
dium. Z mers 

Thus, plate 1, fig. 18, the two converging inci- 
dent rays, a d, bc, which would meet at e, are bent 
towards the perpendicular by the refracting surface 
IH, and therefore proceed to E. | 

In the same manner the converging rays, J g, fg, 
falling upon IH, are refracted to , kh, intead of 
going on and meeting at i: but, on the contrary, 
in proceeding from the refracting surface K L, the 
ray, gh, 8 h, are refracted from the perpendicular, 
and therefore meet sooner, as at X, than they would 
otherwise have done: the rays are therefore twice 
bent, but in contrary directions, once at , i, once 


| 3. When incident diverging rays enter into a 
dense or rare medium. | 
Every thing being disposed as in the last experi- 
ment, I present the side of the box, AD, plate 1, 
fg. 8, when empty; to the cone of light, so that 
it may coincide with the point of the cone G, which 
is where they begin to diverge, and will proceed 
on at BC, and form another cone directly opposed 
to the other, falling upon a white screen, placed 
at about four inches from the further side of the 
box. I measure this cone, and then fill the box. 
with water; the cone then becomes of an irregular 
shape; the base on the screen is somewhat larger 
than it was before, but it is not so large at B C as it 
was before. 5 
From hence we infer, that diverging rays be- 
come less diverging in passing from a rare into a 
dense medium; and, on the contrary, that their di- 
vergence is increased by passing from a dense into a 
rare medium. 
Let us consider the diagram, plate 1, fig. 18, 
K h, K h, diverging rays meeting the refracting sur- 
face LK, do not proceed directly to G G, but are 
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refracted, and approach the perpendicular, and go 
towards g and g, and are thus less divergent. 
On the contrary,” if they proceed from the dense 
medium, they are refracted, and go towards J and f, 
which render them more diverging, being twice 
bent at h and g, and thus forming an irregular cone. 
Hence the image of a small object placed under 
water, is one-fourth nearer to the surface than the 
object. And hence the bottom of a pond of water 
is one-third deeper than it appears to the spectator 
above. An object at E, plate 1, fe. 18, would ap- 
pear at e. This may serve as a useful caution to 
those among you, who are not swimmers, and pre- 
vent your plunging unwarily out of your depths-. 
It you immerse a stick perpendicularly in, water, 
until the immersed part appears of an equal length 
with the part above; then measure the parts, 
and they will be found to be to one another about 
as 4 to 3. bt G 1 2 
Hence also a fish appears higher than it really is, 
and the marksman, in shooting at it, must make an 
allowance for this false appearance, or he will miss 
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If all the parts of an object, seen at some depth 
in the water, were equally displaced or altered, the 
image thereof would be exactly similar to the ob- 
Ject- it represents; for the figure depends on the 
respective position of the parts, which is not changed 
by a motion common to the whole. But this is 
not the case, if the object under water be of any 
considerable size; for those rays which come from 
the extremities that are most distant ſrom the eye, 
fall more obliquely on the surface of the air, 
and are more refracted, and approach too near the 
refracting surface to preserve a total conformity 
of! the image with its object. Thus an eye at K, 
plate I, fig. 18, viewing at the bottom of the water 
a Straight line, geg, not only sces the whole 
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line nearer to the eye than it really is, but the extre- 
mities, g, appear nearer than the other parts cz 
thus it appears curved with the part towards the eye. 
Thus a straight leaden pipe appears at the bottom of 
the water to be curved, and at the bottom of a flat 
bason deeper-in the middle than at the sides. 
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Very thiok dense mediums make objects appear 
larger than they really are; thus a fish appears larger 


in; the water than when taken out, as do plants, 
stones, &c. To comprehend this, suppose for a 
moment, that g g, plate 1, fig. 18, are the extre- 
mities of an object seen at the bottom of the water, 
by the rays g h, gh. An eye placed in K judges of 
the size of the object by the angle G K G, larger 
than that of g Kg; and the same happens W 8 re- 
spect to every part of the dect viewed through A 
ser medium than air. 

Hence it is, that objects in a different aus 
from that where the — is, generally appear 
namenhat el. 
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il 450 W hon parallel rays pass out of à rarer into @ 
denser medium, whose Surface is conves. 

Before we proceed to make any experiments or 
reason upon them, I must observe to you, that lines 
drawn from the center of a spherical surface are al- 
ways considered, by mathematicians, as perpendicu- 
lars to that surface; and the angles they make with 
the angles of incidence are the angles of inclina- 
tion. So that as light passing into a denser medium, 
is so refracted as to approach the perpendicular, or 
line drawn from the center of the spherical surface 
tothe point of incidence; so in going from a dense 
into a rare medium, the m 3 froin the same 
surface. 9 
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I place the glass box so that the pencil of light 
falls directly on the convex glass at the end, and 
you see that as soon as I pour water into the box, 
the rays converge, and meet in a point: so that pa- 
rallel rays in this case are rendered convergent; a 
circumstance that naturally arises from the laws of 
refraction, see plate 1, fig. 9; for the parallel rays 
hi, fg, plate 1, fig. 19, falling obliquely on the con- 
vex refracting surface, g, E, i, are bent towards the 
ndiculars i c, or ge, those lines being the per- 
ndiculars to the points of the convex surface, on 
which the two given rays fall, and tend to unite at 
the axis AB. You will also take notice, that those 
rays which are furthest from the axis unite at points 
nearest the refracting surface; thus the ray, /g, falls 
upon the axis at , but the ray, de, does not meet it 
till it arrives at D; hence all those, which are not 
too distant from the axis, may be considered as unit- 
ing in one point. 4 - 
2. When converging rays, passing out of à rare 
medium, fall upon the surface of a denser medium with 
4 convex Surface. Mts hy 
I bring the box as before with the convex glass 
towards the ray of light; but in such manner, that 
the converging point of the pencil shall fall exactly 
on A, plate 1, fig. 10, the center of convexity. I 
pour water into the box, and you find that there is 
no change in the situation of this point, because 
there 1s no obliquity of incidence. | 
Leet us now try the effect with two other cones of 
light, one terminating at 5, plate 1, fig. 11, nearer 
the convex surface than its center, the other being 
beyong the center of convexity at c, plate 1, fig. 12; 
mark exactly the place where the cone terminates in 
each of these cases, when there is no water in the 
box, and then fill it with water, and observe the 
difterence in each case. You will find the first cone, 
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Fg. 11, where the rays tended to unite at h, before 
they reached the center of eonvexity, lengthened, 
and the point thereof terminating at a greater dis- 


tance, B; but the cone, fig. 12, where the rays tend 


to unite at a point c, heyond the center of the con- 
vex surface, is shortened, terminating at C. 
These experiments have made you masters of the 


fact; I shall now consider the three cases in a dia- 


gram. It is evident, that if converging rays fall 
upon a convex surface, they either tend to unite at 
the center of convexity; or 2dly, their point of 
union will be nearer the refracting surface than that 
center; or 3dly, it will be beyond that denter. 

In the first case, the rays do not deviate: thus the 


rays ef, dh, plate 1, fig. 20, converge at c, just as 


they would have done without the interposition of 
the refracting substance, because they do not possess 
the property n for refraction, namely, obli- 
quity of incidence. For, the rays, ef, dh, tending 
to c, the center of the surface, may be considered 
as radii prolonged, and consequently as perpendi- 
cular to the convex surface. 

In the second case, where the rays tend to unite 
nearer the surface than the center of convexity, they 
become less converging; for the ray zh, plate 1, 
fg. 20, which tends to k, is bent by the retracting 
surface nearer the perpendicular d c, and is thus re- 
moved further from the surface, and joins the axis 
at O. | 

In the third case, where the rays tend to unite 
beyond the center of convexity, they become more 
converging: thus the ray g I, plate 1, fig. 20, tend- 
ing to /, further from & convex surface, þ bf, 


than c, by approaching the perpendicular die, is 
brought nearer the center, and Joins the axis at p, 
where it would be met by another ray falling upon 
the surface with the same degree of obliquity, but 
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from the other side of the axis. "This i is the more 
common of the three cases. 

3. When diverging rays, pacing out 7 a rare me- 
dium, fall upon'a dense one with a convex Surface.” 

To shew what happens with these rays, we have 
only, as before, to place the box so that the diverg- 
ing rays may fall upon the convex surface, and to 
receive the light upon a plane- surface in the box, 
and to mark the size of the luminous circle formed 
thereon, before we pour any water into the box. 
This being done, I shall now fill our box with water, 
and you will perceive, that the luminous circle is 
considerably smaller than it was before, plate 1, 
Ng. 13. If you remove the box further from the 
_ from which the diverging rays proceed, the 

of the luminous cone will still grow smaller, 
and at last become cylindrical; and if you go on re- 
moving it still further, they will conyerge in a point. 

From these experiments we draw the following 
conclusion: That diverging rays, in passing from a 
rare medium into a denser with a convex surface, 
become less divergent, which may be carried so far, 
that they may become parallel, and even convergent. 

The diverging rays, am, al, plate 1, fig. 21, meet- 
ing with the 2 0.2 Surface mn 'b I, do not proceed 
in straight lines to F and e, but are refracted towards 
the perpendiculars e C, c C, which gives them the 
directions ng, IA, much less divergent. 

If the rays that fall on the refracting surface, as 
d m, il, are less diverging than the 8 they 
will be refracted so as to converge at B. 

Let us now suppose Zhe rays of light passing from 
a denser medium into à rare one, the dense medium 
being terminated by a convex men on the Stde of the 
rare medium. 

Parallel rays are thereby made to rr thus 
the parallel rays, de, gt, plate 2, fig. 2, falling on 
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the refracting surface, e i, instead of proceeding to [ 
V and i, are bent further from the epa 
a C, 56, so as to converge at k. - "<2 | 

Converging rays become more converging: thus | 
the rays Je, ns, which would without refraction | 
go on towards u and 0, are so refracted as to unite 
at 

ft the rays are diverging, the point from which 
they diverge is, Ist, either C, the center of the con- 
vexity e Di; or 2dly, a point r, between the center | 
and the convex surface; or 3dly, a point , beyond 
that center. 

In the first case, the rays Ca, C8, are not re- 
fracted, because being radii they fall perpendicular 
to the convex surface. | 

In the second case, where the rays, e, ri, pro- 
ceed from r, they do not go on towards s and 7, but „ 
are refracted further from the perpendiculars 4 C, 
C, and go on towards x and y, diverging more than 
before. 

In the third case, the diverging rays, qe, 95 | 
become less diyerging, and instead of proceeding | 
towards 2 and 2, they get closer together towards | 

g and A, being refracted further from the perpendi- | 

| 
| 
| 


— — aC, C, and may be rendered parallel, or 
even convergent, according to the greater or less 
degree of divergence, when they arrive at the sur- 
face e Di. | 1 


OF REPRACTION AT A CONCAVE SURPACE. . ' 


1. When. parallel rays of light pass from a rare . 
medium into a dense one, with a concave gurfuce. 1 
One end of the box, plate 1, fig. 5, is furnished | 
with a glass with the concave surface outwards; 
this is now to be presented towards the cone of light. 
In the present instance, let parallel rays fall on the 
concave surface. Having observed the size of the 
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luminous circle formed by them within the box, fill 
the box with water, and you will find that the pencil 
of light is enlarged, and the luminous circle is much 
increased. See plate 1, fig. 14. 

That parallel rays necessarily in this instance be- 
come diverging ones, may be also rendered clear 
by a diagram. For, the parallel rays, ab and de, 
plate 2, fig. 1, falling upon the concave refractin 
surface e, I, b, are by refraction made to —— 
the perpendicular FC, g C, which renders them di- 
verging. 

2 When converging rays pass from a rare medium 
into a dense one, terminated with a concave surface. 

We proceed, as in the foregoing experiment, ob- 
serving where the converging rays terminate, before 
and after water is poured into the box, and that 
with different degrees of convergency. 

You see, however great the convergency of the 
rays may be, that as soon as the water is put into the 
box, the cone is sensibly lengthened, plate 1, fg. 15. 
With a less degree of convergence, they are sensibly 
separated from each other; so that, by altering . the 
degree of convergency, we render them either paral- 
lel or diverging. To view this in a diagram, you 
may consider the rays 4 b, di, plate 2, fig. 3, tend- 
ing to converge at O; these are by refraction made 
to approach the perpendiculars F C and g C, and thus 
do not unite till they come to i. 

3. When diverging rays pass from a rare medium 
into a dense one, termmated by a concave surface. 

Every thing being disposed as in the last experi- 
ment, remove the box, so that the point where the 
rays meet or cross, and begin to diverge, may fall 
upon the center of the concave glass; receive the 
base of this cone on a plane placed at about seven or 
eight inches from the glass; measure the diameter, 
and fill the box with water. 


— 
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nearer C, plate 1, fig. 16, and afterwards further 
from it. 

In the first case, the size of the circle is not en- 
larged, nor the cone of light altered. In the se- 


cond, the base of the cone is smaller in the water 


than it was in the air. In the third, it is somewhat 


enlarged. See plate 1, fig. 16 and 17. 

In the first case, the rays undergo no alteration, 
because they have no obliquity of incidence, for Ci 
and Ce, plate 2, fg.4, are radi of the concavity, 
and continue their rout to F and ę, as they wank 
have done without the interposition of a refracting 
medium. 

In the second, they become less divergent, for 
the two diverging rays, &þ and & e, instead of going 
to d and , procced to @ and e, the refraction mak- 
ing them approach the perpendiculars FC, g C. 

In the third case, which is the most general, the 
rays become more diverging; for I/ and /e, which 
tend towards m and u, are turned out of their way 
towards i and o, by approaching the perpendiculars 
FC and gC, and thereby become more diverging 
than they were before. 

Let us now suppose that the rays of light pass 
from a dense medium into a rare one, and that the 
dense medium 1s terminated on the emergent side 
by a concave surface. 

The parallel rays become divergent, for the pa- 
rallel rays d e, g i, plate 1, fig. 22, in emerging from 
the concave surface e Di, do not continue their rout 
in straight lines towards F and 4, but are carried 
towards m and p, by separating from the perpendi- 
culars Ca, Cb, which renders them divergent. 

If the rays are converging, they may be divided 
into three cases. 1. When the point of convergency 
tends precisely to the center, C, of the concavity 
Di; in this the rays, à e, bz, do not suffer any re- 


Repeat the experiment with the concave glass 
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fraction; because being the continuation of the radii 
Ce, Ci, of the concavity e Di, there is no point of 
oblique incidence. - 

- 2, When the rays, qe, ri, tend to converge to 
the point u, nearer the concave surface, e Dj, than 
its center C, by separating from the perpendiculars 
Ce, C. 1, they unite at 0, and a are thus rendered more 
converging. 

3. When they tend to a point, /, dich i is further 
from the concave surface than the center of curva- 
ture, they are rendered less convergent. For the 
rays Se, Ii, which tend naturally to converge to the 
point J, by separating from the perpendiculars Ce, 
Cc, unite in &, further off than they would have 
done without refraction, if they were only a little 
converging; on arriving at the concave surface e Di, 
the refraction may render them parallel or diverging. 

The diverging rays Ee, Ez, diverging from the 
point E, which without the change from the medium 
would go on towards z and x, but by the refraction 
separating from the perpendiculars Ce, Ci, they are 
turned towards y and 2, diverging more than be- 
fore. | 
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By a lens, opticians mean a transparent body of a 
different density from the surrounding medium, and 
terminated by two surfaces, either both spherical, or 
one plane and the other spherical. And as the lenses 
for optical uses are generally made of glass, it is 
usual to call them glasses, with the addition of the 
use they are intended for, as a magnifying glass, a 
| Spectacle glass, an object or eye-glass * a telescope, &c.. 

Glass was probably the invention of some manu- 
facturer, having nothing. else in view but raising a 

fortune by his new manufacture: but from hence 
we are supplied with, telescopes, .microscopes, and 
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prisms, which let us into secrets of nature unsus- 

ted before, open to us the immeasurable gran- 
deur of the universe, and bring us acquainted with 
animals, to whom a spoonful of vinegar serves for 
an habitable world; thereby raising our idea of the 
Author of Nature, by displaying the magnificence 
and wonders of his works. From hence likewise has 
proceeded gradually a more exact knowledge of the 
laws of attraction, the velocity of light, the existence 


of ether, and the extreme rarity of bodies. Thus 
the unlearned are often made to lend an helping 


hand to the contemplative in the prosecution of his 
science. | 

A lens having one side plane and the other con- 
yex, is called a plano-conver; where one side is plane 
and the other concave, it is a p/ano-concave. A lens 
terminated by two convex sides, is called double- 
convex; a. double-concave, if terminated by two con- 
cave sides. A lens having one side concaye, the 
other convex, is called a meniscus, Or a ConcaVo-Ccone 
ver lens. See plate 2, fig. 9. 

From these definitions you will readily conceive, 
that there may be an infinite variety in the degrees 
of convexity and concavity; for a convex surface 
may be conisdered as forming a part of a sphere; 
and as the radius or diameter of this sphere is greater 
or less, the convexity will be different. 

Hence when I say that the radius of the conyex 
surface of a glass is three inches, I mean that it is 
the portion of a sphere whose radius is three inches, 
To render this subject clearer, here are a variety of 
lenses of different convexities; from these you see, 
that the smaller the radius is, the more the surface is 
euryed, or the greater is its deviation from a straight 
line. On the contrary, the longer the radius, the 
more it approaches to a plane; so that a plane sur- 
face may be considered as similar to a convex sur- 
face of an infinite radius. 
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To explain the effect produced in the appearance 
of objects, by convex and concave lenses, we must 
distinguish two cases: 1. Where the object is at a 
considerable distance from the lens. 2. Where the 
object is near the lens. Before, however, I enter 
upon this explanation, it will be necessary to define 
what is meant by the axis of a lens. A straight line 
drawn perpendicular to both the sides of any lens is 
called the axis thereof;* the axis therefore passes 
through the center of the spherieal sides; and as we 
represent the two surfaces by arcs of a circle, you 
have only to draw a line through their respective 
centers, and it will represent the axis of the lens. 
Thus the center of the arc AE B, plate 1, fig. 23, is 
at C, that of AFB at D, and the line, CD, is the 
axis of this lens; it is easy to see that the axis passes 
through the middle, and that no lens, excepting a 
sphere can have more than one axis, because no 
other line can pass through the two centers C, D; 
and therefore all pencils are considered as oblique, 
excepting those whose foct are in the axis of the 
lens. 

As the axis is perpendicular to the two surfaces, 
it is plain from the nature of refraction, that a ray 
of light passing in this direction is not refracted, 
but goes on in the same direction in which it en- 
tered. 

No ray that passes through the center O, plate 1, 
fe. 23, of a lens is refracted; for the two tangents 

at E and F are parallel, and the effect is therefore 
the same as if the ray passed through a piece of glass 
whose sides are parallel. 

I shall now proceed to consider the nature of dou- 
ble convex lenses. It is the property of these to 


If one of the surfaces be plane, the axis of the lens falls per- 


pendicular upon the plane zurſace, and proceeds through the center 
of the spherical one. 
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make parallel rays converge to a focus; to increase 

the convergence of converging rays; to diminish the 
divergence of diverging rays, — that so much un- 
der certain circumstances, as to render them paral- 
lel or convergent. | 

Let us consider AB, plate 1, fig. 24, as a convex 
lens, whose axis is the line OEFP; and let us 
suppose that on this axis, and at a great distance 
from the glass, there is a luminous point or object, O, 
diffusing its rays in all directions; some of these, 
as OM, OE, and ON, will fall upon the glass, the 
middle one, OE, will not be refracted, but pass on 
in the direction EF P. The two other rays will be 
refracted and bent both at entering and going out, 
so as to meet at J, somewhere on the axis, and then 
go on in the direction J & and J R: the other rays 
between M and N, will be so refracted as to unite 
on the axis at the same point J. Thus the rays 

OM and ON, and those between them, which 
Without the interposition of the glass would have 
followed their respective rectilinear directions, are 
so bent thereby as to follow other directions, and 
proceed as if they came from the point J; and an 
eye placed at P would be affected in the same man- 
ner as if the luminous point was at J; the glass, AB, 
forming an object at J, exactly representing the 
object at O. Thus a considerable change is pro- 
duced by the lens; a distant object, as O, is as it 
were transplanted and brought suddenly to J. 

Let us now consider the effect produced on the 
rays of light, when the object is very near to 
the lens. In plate 2, ig. 13, MN represents a dou- 
ble convex lens, OAB TS the axis of the lens, OP a 
distant object situated on the axis; every point of 
this object diffuses rays in all directions; of these, 
we are only concerned with those that fall upon the 
lens: and to render the subject clearer, I shall only 
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consider three rays, OA, OM, ON, proceeding ' 
from the point O; of these the first, OA, passing 
through the middle of the lens, its direction is not 
altered, but continues, after it has passed through 

to go on in the line B TS, the axis of the glass. ut 
the other two, OM, O N, are so 9 both at 
entering and quitting the lens, that they unite at T 
on the axis, from whence they again proceed in the 
directions M TQ, NT R, so that if an eye were to 
meet with them, they wonld produce the same effect 
thereon as if the object, O, had been situated at T. 
To distinguish, however, the true point, O, from the 
| point T, the first is called the object, the other the 
image of chat object, which image in its turn be- 
comes also an object. When the object is at a con- 
siderable distance, the point, T, is considered as the 
. focus of the glass. The following remarks on this 
ö point are necessary to be considered with attention: 

| 1. When the point O, or the object, is at an in- 
finite distance, the rays, OM, OA, ON,. may be 
considered as parallel to each other and to the axis 
of the lens. 

2. The focal point, T, is a point behind the glass, 
where parallel rays falling upon that glass are united 
by the refractive power of that lens. 

3. The focus of a lens, and the place where the 
image of an object situated in the axis of the lens, 
but at an infinite distance from the lens, is repre- 
sented, are the same thing. 

4. The distance of the point, T, trom the lens 1 is 
termed the focal distance. 

5. Every convex lens has a particular focus; in 
some it is greater, in others less; which is easily 
found by exposing the glass to the sun, and observr 
ing where the rays unite. 

6. Those lenses which are formed by the ares of 

smull circles, have their foci very close to them, and 


OF GLASS LENS ES. 781 


the focal point is further off in proportion as the 
surface or sides of the lens are formed by arcs of a 
longer radius. - 

7. In order to form a proper idea of the optical 
effect of any lens, it is necessary to know its focal 
distance. 

8. When parallel rays, AB, CD, plate 3, fig. 4, 
fall upon a plano-convex lens, De B, and- pass 
through it, they will be so refracted, as to unite at a 
point, F, behind it; this point is called the principal 
focus, and its distance, e F, from the middle of the 
glass its focal distance, which is equal to twice the 
radius, or the diameter of the sphere s convexity, of 
which the lens is a segment. 

g. When parallel rays, AB, CD, plate 2, fe. 5, 
fall upon a glass, De B, equally CONVEX on both sides, 
and pass through it, they will be so refracted as to 
unite in a point or principal focus, F, whose distance 
is equal to the radius or semi- diameter of the sphere 
of the glass's convexity, | 

The rays in both cases cross the middle ray, d e, in 
the focus F, and then diverge from it to the con- 
trary sides, in the same manner as they converged 
in coming thereto. See plate 3, fig. 4 and 5. 

If another double convex lens, h g, plate 3, fig. 5, 
be placed in the rays at the same distance from the 
focus, they will be 80 refracted thereby as to proceed 
from it in a parallel direction, as at h b, ge, going 
on in the same manner as when they fell upon the 
first glass; but on contrary sides of the middle ray 
DeFff; For the ray, AB F, will go on in the di- 
rection F hb, and the ray, C D F, in the direction 
Fg e; and so of the rest. 

To render the progress of the rays from an object 
through a lens to the image behind more evident, 
have constructed a model, in which the rays are 
represented by silken strings; that it may be more 
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elear, the rays issue only from three points, and only 
three rays from each of these points. 

In 5 4, fig. g, we have a figure of this model. 
ABC is the object placed somewhat beyond the fo- 
eus of the convex lens def. The rays, Ad, Ae, Af, 
flowing from the point A, are refracted into the di- 
rections da, ea, fa, meeting in the point 3. The 
rays, Bd, Be, B 7 proceeding from B, pass throu: 
the glass, and are so refracted as to unite at 6. In 
the same manner, those that flow from the point, c, 
are conveyed and meet at c; at each of the points 
a, h, c, an image is formed of the respective points 
A, B, C. The same takes place with all the other 
intermediate points, by which means a perfect image 
of the object is formed, but in an inverted position. 

I have already observed to you, that an object at 
an infinite distance has its image formed at the focus 
of a convex lens, provided the object be situated on 
the axis of the lens. I shall now proceed to consi- 
der nearer objects, but still situated in the axis; and 
you will find, the nearer the object approaches the 
glass, the further the image is removed therefrom, 

Thus, let us suppose that F, plate 2, fg. 11, be 
the focus of the lens mm, or plate where the image 
of a distant object is represented. If the object be 
brought successively to P, Q, and R, the image will 
be successively removed further from the glass to 
P- 9, and r; the distance Br, &c. of the image always 
corresponding to that of the object AP, &c. Ma- 
thematrcians give rules for calculating these distan- 
ces;* we can only now observe in general, that the 
more we diminish the distance of an object from the 
lens, the more that of the image is increased, which 


* Multiply the distance of the radiant point by the radius of 
convexity, if the lens be double and equally convex; divide the 
roduct by the difference between the said distance and radius; 
the quotient will be the focal distance required. For a plano-con- 
vex, you take twice the radius. Ep1r. 5 
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will be rendered plainer by an example, snppose of a 
lens of six- inch focus; that is, if the object is at an 
infinite distance, the focus will be precisely at six 
inches; but when the object approaches the lens, 
the distance of the image will increase, as in the fol- 
lowing table: 


Distance of the object. Distance of the image. 
Infinite 6 inches 

421 7 
2408 
1809 
1510 
12112 
10015 

918 

8124 

7 11 42 

6 || Infinite, 


Although the numbers only agree with a lens of 
six inches focus, yet we may deduce the following 
consequences from them: 

1. If the object be at an infinite distance, the 
image will be at the ſocus. 

2. If the object be at double the distance of the 
focus from the glass, the image will also be at double 
the distance of the focus from the glass; thus in the 
foregoing example, when the object was at twice 6, 
or 12, the image was also at 12 inches. 

3. When the object is at the same distance from 
the glass as the focus, the image is removed to an 
infinite distance on the opposite side. 

4. In general, the distance of the object and the 
image correspond reciprocally to each other; so that 
if the object be placed where the image was situated, 
the image will be found where the object was before 
placed. 
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If the lens, AB, collect in J, plate 1, fig. 24, 
= rays which emanate from the point O, it will also 
collect the rays from the point J, and consequently 
the rays may be returned back in the direction in 
which they proceeded. 'This article is of considera- 
ble importance towards a thorough knowledge of the 
nature of lenses; thus for example, when I know 
that a lens has represented, at eight inches from it, 
the image of an object which is at 24 inches on the 
opposite side, I may conclude, that if the object be 
at eight inches, the image will be at 24. 

When the object is situated at the focal distance 
from the glass, the image is suddenly removed to an 
infinite distance therefrom. 

You inquire of me, what then becomes of the 

image, when the object is within the focal distance? 
can it be removed to a distance greater than infinite? 
this is impossible. The question, though not easily 
resolvable by metaphysics, does not embarrass a ma- 
thematician; for he proves that the image in this 
case passes to the other side of the glass, and is found 
of the same side with the object. 

In every representation — by lenses, there 
are two circumstances to attend to; one concerning 
the place where the image is formed, the other, the 
size of the image. Having explained the first, I 
now proceed to consider the second. Let OP, 
plate 2, fig. 14, be an object situated on the axis of 
the convex lens MN; find first the point I, where 
the rays proceeding from O, meet the axis; this 
done, we have to find where the ather point, P, will 
be represented. 

To do this, consider the rays PM, PA, PN, 
which proceeding from P, fall on the lens, and you 
see that the direction of the ray, PA, is not altered, 
because it falls upon the middle of the glass, but 
continues to. proceed in the line AK S; it will there- 
fore be somewhere: in this line, as at K, that the rays 
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PM, PN, will meet, and K will be the image of the 
other end of the object; the point K being deter, 
mined by a place where a perpendicular to I O from 
I, meets the line PS, and I K will be the image of 
the object. It 1s evident from this, that the im 

is inverted; so that if QR was horizontal, and the 
object, O P, a man, in the image the feet would be 
upwards, and the head downwards. It is also clear, 

1. That the image is always small in proportion 
as it is nearer the lens, and larger the ſurther it is 
removed therefrom. Thus OP, plate 2, fg. 15, 
being the object, and MN the lens, the image will 
be smaller if formed at Q, than if it were formed at 
R, 8, or T; that is, the image is larger the further it 
is from the lens. 

2. There is a case where the i image is nicely at 
the same distance from the lens as the object, which 
is when the object is ee at twice the ſocal dis- 
tance (rom the lens. 

3. When the image 1s twice as the from the glans 
as the object, it becomes double the size of the ob- 
ject, and in general the image is so many times 
larger than the object, as it exceeds it in distance 
from, the lens: now, the nearer the' object is to: the 
glass, the more the image is removed from it, and 1 » 
consequently so much larger. 

4. On the contrary, so much as the image 18 
nearer to the glass than the object, it is so many 
times smaller than the object. If then the distance 
of the image from the glass was 1000 times less than 


that of the object, it would also be 1000 times 
smaller. 
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The sun, as we all experience, 1s the cause of heat 
at the surface of the earth; its effects are most 
violent in those regions where its rays fall with 
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the least obliquity, for they arrive there with greater 
force, and in a greater quantity. Winds meet and 
destroy each others forces, but the rays of the sun 
travel onward without impeding each other in their 


Progress. 

All substances feel the influences of the solar rays, 
not only in proportion as they strike against them 
more or less directly, but according also as they are 
fitted for their reception. For the rays, though they 
continue ever to operate, are restrained from acting 
too fiercely, by the nature and disposition of the 
bodies on which they fall, and their own equable 


diffusion. To give the rays greater power, they 


must be collected by art; and when their action is 
concentrated, they consume or change all bodies 
with inexpressible force. 

One of the first uses to which convex lenses were 
applied, was that of collecting the rays of the sun, 
in order to set wood or other combustible matter on 
fire. | 

The sun is so far off, that we may consider every 
point upon its surface as at an infinite distance, and 
may therefore sup the rays emitted from each 
point to be parallel to each other; consequently, all 
che rays from the sun that fall upon a convex lens, 
will, by passing through the glass, be made to con- 
verge, and unite in a ſocus behind it. 

The effect of the rays of the sun, when they are 
thus collected, is the reason why the point where 
they are collected is called the ſocus: and the name, 
after it had for this reason been given to this point, 
has been made use of as a general one to stand for 
any point, where converging rays meet, or to which 
they tend. 

Every lens, whether convex, or plano-convex, will 
collect by refraction the rays of the sun dispersed 
over its surface into a point, and thus become a burn- 
ing lens, To understand this, let MN, plate 2, 
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fg. 15, represent a convex lens, receiving on its 
surface the rays, R, R, R, of the sun; these are re- 
fracted by the lens into a small luminous circle at F, 
which is the image of the sun. 

As all the rays which fall upon the lens are united 
in its focus, their effect ought to be so much more, 
as the surface of the lens exceeds that of the 
focus. Thus if a lens four inches broad collect the 
sun's rays into a focus at the distance of one foot or 
twelves .inches, the image will not be more than 
one-tenth of an inch broad. The surface of this 
little circle is 1600 times less than the surface of the 
lens, and consequently the sun's light must be 80 
many times denser within that circle; it is not there- 
tore surprizing, that it burns with a degree of ardour 
and violence exceeding any culinary fire. 

That the ancients made use of burning-glasses 
is evident from a passage in a play of Aristophanes, 
called the Clouds, where Streps:ades tells Socrates, 
that he had found out an excellent method to de- 
feat his creditors, if they should bring an action 
against him. His contrivance was, that he would 
get from the jewellers a certain transparent stone, 
that was used for kindling fire, and then, standing 
at a distance, he would hold it to the sun, and 
melt down the wax on which the action was 
written. | 

The most considerable of these glasses are those 
that were made by M. Tychirnausen and Mr. Parker. 
Though I have already mentioned“ both to you, it 
may be worth while to enter into somewhat a larger 
detail of their effects. The diameter of that of 
M. Tschirnhausen was three feet, the focus was formed 
at twelve feet, and its diameter one inch and an 
half, and weighed 160 pounds. To render the focus 
more vivid, it was collected a second time by a lens 


* Vol. i. p. 404. 
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placed parallel to the first, and so situated, that the 
diameter of the cone of rays, formed by the first 
lens, was exactly equal to the diameter of the second 
lens; so that it received all the rays, and the focus 
was contracted to eight lines, and its force was in- 
creased proportionably, 

The lens made by Mr. Par ker, of Fleet-street, 
was formed of flint glass, is three feet in diameter, 
and, when fixed in its frame, exposes a clear surface 
of two feet eight inches and an half in diameter, 
weight 212 pounds, focal length six feet eight 
inches, diameter of the focus one inch. A second lens 
was used, which reduced the focus to half an inch. 

I shall now recite some of the principal effects of 
that made by M. Tshirnhausen, having already no- 
ticed those of Mr. Parker's. 

1. Every kind of wood catched fire in an instant, 
whether hard or green, or soaked in water. 

2. Thin iron plates grew red-hot in a moment, 
and then melted. 

3. Tiles, slates, and all manner of earth, grew red 
in a moment, and vitrified. 

4. Sulphur, pitch, and all resinous bodies, melted 
under water. 

5. Fir wood exposed to che ſocus under water, 
did not seem changed; but, when broken, the in- 
side was burnt to a coal. 

6. If a cavity was made in a piece of charcoal, and 
the substances to be acted upon it were put in it, the 
effect of the lens was much increased. 

7. Any metal whatsoever thus inclosed in the ca- 

vity of a piece of charcoal, melted in a moment, the 
fire sparkling like that of a forge. 

8. The ashes of wood, paper, linen, and all vege- 
table substances, were turned, in a moment, into a 
transparent glass. 

g. The substances most difficult to be wrought on 
were those of a white colour, 
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10. All metals vitrified on a china plate, when the 
china plate was so thick as not to melt, and the heat 
was gradually communicated. | 

11. When the copper was thus melted, and thrown 
quickly into cold water, it produced so violent a 
shock, as broke the strongest earthen vessels, and the 
copper. was entirely diss1pated.* 

The experiments with a burning-glass, among 
other things, prove, that fire is regularly diffused 
through all Space, and perſect therein; and that 
when properly directed and put in action, 1t burns 
with a vehemence superior to any culinary fire: 
The fire was in the expanse before the glass was 
applied; and the surface by which it was collected 
and directed, only put that fire in action, which al- 
ready existed. | 

Mr. Parker observed a violent rotatory motion in 
the rays at the focus, which rotatory motion became 
visible on a small mass of gold when melted; for it 
instantly assumed a motion round its axis, and that 
invariably the same way as the earth moves round 
its axis. The velocity of this motion was accelerated, 

if at any time the sun shone with greater brightness 
than before. 4 

Though the heat of the focus was so intense 
as to flux gold in a few seconds, yet there was no 
heat at a small distance therefrom; and the finger 
might be placed in the cone of rays, within an 
inch of the focus, without receiving any hurt. 
Mr. Parker had the curiosity to try what the sen- 
sation of burning at the focus was, and having put 
his finger there for that purpose, he says, it neither 


* When plates of copper are cast at a foundry, after the moulds 
have been well heated and dried, they wrap them round with 
blankets to prevent the acgess of any moisture, which would not 
only dissipate the metal, But blow up the works, and even over - 
turn the house itself. 
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seemed like the burning of a fire, nor a candle, but 
the sensation was that of a sharp cut with a lancet. 
You may, by means of the focal rays from this 
glass, char or burn a piece of wood to a coal in a 
decanter of water, and yet the sides of the decanter, 
through which the rays pass so very near the focus, 
will not be cracked, nor any ways affected: nor will 
the water be in the least degree warmed. The wood 
was afterwards taken out, and the rays thrown on 
the water; but no continuance of collected rays in 
this way, would either heat the water or crack 
the glass; but if a piece of metal be put into the 
water, it soon becomes too hot to be touched, and 
communicating its heat to the water, makes it not 
only warm, but sometimes causes it to boil, 
Though the water alone is not affected; yet when 

a little ink was poured into it, the water began to 
boil in a very little time. 


OF THE SCIOPTIC BALL, OR CAMERA OBSCURA., 


By camera obscura, opticians mean any darkened 
room, out of which all the light is excluded; but 
what comes through a lens upon a white screen pro- 
perly placed, on which the objects seen without are 
depicted. | 

It is in general made in two different ways: one 
is, a large room or chamber, made as dark as 2 
sible, with the scioptic ball containing the lens fixed 
in the window-shutter: the other is small, and mads 
in various ways, as that of a box, a book, &c. for the 
conveniency of carrying it from place to place; 
whence it is called the portable camera obscura, and 
is useful to a young artist in taking the optical view 
of any proposed prospect. 

It is by means of convex lenses that we obtain 
all the advantages that are derived from the camera 
obscura, which exhibits, in a most pleasing manner, 
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all the objects seen without in their natural propor- 
tions, colours, and motions, as vivid and beautiful 
us life; which I shall shew you as soon as I have ex- 
plained the nature of the instrument. 

Let W, X, X, Z, plate 2, fig. 6, represent a dark- 
ened room or box, well e on all sides, so as to 
admit no light but what comes through the lens o, 
whose focus is such, that the images of the objects 
from without fall exactly on the wall B, or on a white 
paper screen placed to receive them. 

In the diagram. to prevent confusion from too 
many lines, only three pencils are drawn, one from 
each of the extremes P, R, the other from the 
middle Q, of the object PAR; and in these pen- 
cils there are only drawn the axis, and the two ex- 
treme rays. ' 

But the rays that flow from any point, as P, for 
instance, upon the lens are innumerable, the whole 
conical space, b Pd, being filled with them. These 
are all collected and united at the focus p, and there 
received upon the white paper, and are reflected by 
it in all manner of directions; so that to a spectator 
in the room, p is now, as it were, a real object, ex- 
actly similar to the physical point P, in proportion to 
it, as O p to OP, and p is of the same colour with 
P, because the rays flowing upon the lens from P, 
are united at p, distinct and separate from the rays 
coming from other parts of the object. * 

Every other physical point of the object sends 
forth its cone of rays, which are united by the lens, 
orderly at p, q, r, and being there reflected by the 
screen, the image of the whole object is distinct and 
visible, like a picture drawn upon canvas; but much 
more lively and distinct than the best finished draw- 
ings of the greatest artist. 

If the objects are very remote in proportion to the 
focal length of the lens, we shall have the pictures 
of those that are in the same neighbourhood, pretty 
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distinct at the same time, though they are not ex- 
actly at the same distances from the lens; because, 
in that case, the focal distances of the refracted rays 
differ only insensibly. 8 

There will be as many foci upon the paper as there 
are radiant points in the object from which the rays 
proceed; and these foci will be disposed in the 
same manner, in respect of one another, as the ra- 
diants. Those foci will be the most bright in which 
the most rays are united, and those will be the least 
bright in which the fewest rays are united. 

Now the most rays will be united in those foci, 
which correspond to the radiants, from which the 
most light proceeds; and the fewest will be col- 
lected in those focal points, that correspond to ra- 
diants from which the least light proceeds. There- 
fore, the light and shade upon the paper will be an- 
swerable to the light and shade upon the surface of 
the object. | 

When the rays from these foci are reflected by 
the paper, and enter the eye of a spectator, who 
looks at the paper, he will there see the picture, or 
Iikeness of that object; for the figure made up of 
these foci will be like the figure of the object, be- 
cause the focal points are disposed in the same man- 
ner, with respect to one another, that the radiants 
in the objects are. The light and shade upon the 
paper are every where answerable to the light and 
shade upon the surface of the object. And the co- 
louring of each particular part through the whole 
figure upon the paper, is the same with the colour- 
ing of the correspondent part in the object. 

It the screen be moved nearer the lens, as to x, 
or farther from it, as to y, the picture will be con- 
fused, because the rays proceeding from the next 
adjacent objects begin to interfere and mix together, 
as the rays from à will be mixed with those from P. 
The distinctvess of the picture, we have observed, 
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is entirely owing to the separation of the rays be- 
longing to every point of the object upon their re- 
ception on the screen. If the screen be removed 
farther and farther from the focus, the picture will 
become more and more indistinct, and at length to- 
tally vanish, no one part being distinguishable from 
the rest; for all the rays, that proceed from the se- 
yeral points, must go to as many correspondent points 
to make a complete image of the object. The 
brightness of the picture, when its distance from the 
lens is given, is in proportion to the area of the lens. 
The distinctness of the picture is not the same thing 
as its brightness; nor is the confusion of parts the 
same thing as its obscurity. . a 
The brightness of the picture in every part de- 
pends on the rays that come to that part, and that 
the picture will be bright or faint in proportion as it 
is formed by more or fewer rays. Now the quantity 
of light, or number of rays that pass from any given 
object into the room, is greater or smaller in propor- 
tion as the hole through which they pass is greater or 
less, or as the area of the lens is greater or smaller. 

The foot of the cross will be at 7, and the top at p, 
for every object must be represented at the place 
where a line falls, drawn from the object through the 
middle of the lens; and, consequently, what is at the 
top will be represented at the bottom; and objects to 
the right will have their images to the left in the 
picture. | 

Why the image is inverted is evident from a bare 
inspection of the figure; and it is also evident, that 
this inversion is not owing absolutely to the lens; for 
if that be removed, and the light be admitted through 
a small hole in the shutter, as you saw at the begin- 
ning of this Lecture, we shall have an inverted 
picture on the screen, though very imperfect when 
compared to that formed with the lens: the several 
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pencils in both cases cross each other; but, without 
the lens, the picture is very faint and confused; it is 
faint for want of sufficient light, so many rays from 
each point not being collected together; it is con- 
fused, because the rays that proceed from the adja- 
cent objects interfere and mingle together. 
Let us now proceed to try the scioptic ball, plate 2, 
fig. 16. To use this, the window-shatters must be 
made to shut quite close, and all crevices stopped, as 
we have done here, by nailing slips of cloth close 
over them; the sash is thrown up, and we have cut 
a hole in the shutter sufficient to let the ball move 
freely therein: to this we shall screw our instrument, 
which consists of three parts, a frame AB, a ball 
of wood C, and a glass lens, The flat side of the 
frame is to be screwed close to the window-shutter 
the frame consists of two parts, the flat board 
with a hole in it, and a screw, to which a ring is 
adapted, by which the ball is confined; it moves 
| with more or less ease, as this ring is screwed 
| More or less tightly; the ball has a large cylindrical 
| | hole at each end, which is cut to a female screw for 
j receiving the lens fitted in a cell. By the motion of 
| the ball, the axis of the lens may be turned different 
ways; and the sphericity of the frame and ball pre- 
vents any light being transmitted between them. 
There are usually two lenses of different focal 
lengths; by using both together you obtain a third, 
but with less light, having a shorter focus than either 
singly. There is a paper screen, and a plane glass, 
polished on one side, with proper supports, so that I 
may place either of them exactly in the focus, by 
moving them backwards and forwards till the picture 
is distinct. The images are more vivid on the rough 
glass. There are two brass fastening screws @ 4. 
This instrument may be considered as a kind of 

artificial eye; the frame may represent a frustrum 
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of the orbit of the eye, and the wooden ball, which 
is moveable every way therein, the globe of the eye; 
the hole in the ball represents the pupil, the convex 
lens corresponds to the crystalline humour, and 
the screen to the retina; all which you will better 
comprehend when we explain the nature of vision. 
I fix the scioptic ball in its place, and darken the 
room, and set the screen at a proper distance from 
the lens. | | 

You see what a beautiful and lively picture of all 
the objects before the window 1s exhibited on the 
screen. It may with 1 be termed nature's 
art of painting. You have perspective here in per- 
fection, or a just diminution of objects in proportion 
to the distances, the images being all in proportion 
to the respective apparent magnitudes of the objects 
seen by an eye at the hole in the window. The co- 
louring here is just and natural, the light and shades 
perfectly just, and the motions of all objects are 
perfectly expressed; the leaves quiver, the boughs 
wave, the birds fly, &c. as in nature, though much 
quicker, and in a lesser scene. From the camera 
obscura, the painter may learn his defects, see what 
he should do, and know what he cannot perfogn. 


OBSERVATIONS ON THE SCIOPTIC BALL. 


All other circumstances being the same, the pic- 
tures of all objects that are near, as within five, ten, 
or twenty yards, are more vivid than those that are 
more remote. Universally, the picture will be more 
distinct and pleasant, when the objects are at such 
moderate distances, in proportion to the focal length 
of the lens, as to exhibit small parts, as the features 
of a person's face, the tiles of a house, &c. If the 
light without is favourable, and the spectator has 
been some time in the dark, it is surprizing how dis- 
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tinct and vivid objects will appear, that are dimi- 


nished at least twenty or thirty times; and a person 


may be known, when his features are proportionably 
no bigger. The lights and teints are then exquisitely 
delicate and perfectly just, and the relievos of objects 
quite bold. A distant prospect appears perfect 
enough, but is not so entertaining. ; 

All light should be excluded from it but what 
comes through the lens; for, in proportion as the 
field about is darker, the objects will appear brighter, 
as the stars do in a dark night. The spectator him- 
self should also be in the dark, at least while he looks 
at the picture; for, by this means, the pupils of his 
eyes enlarge; and, as they enlarge, the apparent 
brightness of the picture will increase; and, being 
free from extraneous light, the impression on the 
retina will be more vivid and sensible. The objects 
should also be well enlightened, otherwise the pic- 
tures will be dull, obscure, and no ways agreeable. 
You must therefore never exhibit but in a clear 
day, and it will answer best when the sun shines 
upon the objects; that is, if the prospect be western, 
the appearance will be best in the morning; if 
eastery, in the afternoon; if northern, about noon. 
A southern aspect is the worst of any for the camera 
obscura in northern latitudes, and vice versa. 

A proper aperture should be given to the lens; if 
the aperture be too small, the picture will be dark 
and obscure, and upon that account indistinct and 
unpleasant. If the aperture. be too large, the pic- 
ture will be indistinct, on account of the aberration 
of the extreme rays, of which we shall speak here- 


after; and also because the picture will be too much 


enlightened by the adventitious light which enters 
the room, by which it is much obscured and injured. 
The apertures will admit of some latitude, and 


may be more or less contracted, as the objects are 
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more or less illuminated, or as they are nearer or 
farther from the lens.* - 

After every attempt to improve the picture, the 
apparent brightness will decrease nearly as the square 
of the ſocal length of the lens is increased. For this 
apparent brightness will be nearly as the density of 
the light in the picture, divided by the density of 
the adventitious light in the room. And whatever 
is the focal length ef the lens, the density of the 
adventitious light will be nearly as the square of the 
linear aperture of the lens; and to preserve the same 
density, the aperture must be as the focal length. 

In some cases the breadth of the picture may be 
about two-thirds of its distance from the lens, and 
even more if the paper be made a little concave; that 
is, the picture may take in a field of near forty de- 
grees; but in most cases, when the field is so large, 
the picture will be more distinct in the middle than 
towards the extremes, and therefore you should sel- 
dom exceed an angle of about twenty or thirty 
degrees. 

A glass having both its sides ground flat, nearly 
parallel, and polished on one side, will exhibit the 
images of objects considerably more vivid and dis- 
tinct, than by reflexion from paper, &c. The rays 
are not so much dissipated in this case, as they are 
by reflexion from the opake surface; you are also 
less offended by extraneous light, as none is ad- 
mitted but what falls upon the glass, and passes 
through it, and you may Gre Have a good pic- 


* The aperture should be varied according to the brightness of 
the day and favourableness of light upon the object. The ope- 
rator should, by experiment, diminish or enlarge it as may be 
found best. The following are the extreme apertures to each focus, 
that in general are found the most proper, subject to the state of 
light upon the objects: 18 inches focus, 14 inch aperture; 3 feet, 
2 inches aperture; 4 to G feet, 23 to 3 inches aperture; 7 to 12 feet, 
33 to 43 inches aperture, &c. Epi. 
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ture by a much deeper or shallower lens than you 
have on the paper. | 

The inverted position of the images shewn by this 
camera obscura is an imperfection; they are not 80 
pleasant to the eye as when erect, and a person can- 
not be known so readily in an inverted picture, as 
after the same picture 1s set in its proper position. 
But if you take a Jooking-glass, and hold it before 
you with the face towards the picture, and inclining 
downwards, the images will be erect in the glass, and 
appear with greater lustre than in the screen; or you 
may place a small plane mirror, D, before or behind 
the lens, to inflect the rays, before they come to the 
picture, down upon a white painted table or paper,* 


OF THE MAGIC LANTHORN, plate 3, fig. 2. 


The magic lanthorn has been generally applied to 
magnify small paintings on glass in a ac room 
for the amusement of children: we shall shew you, 
by other new- constructed sliders and machinery, that 
it may be applied to more important purposes, by 
using it with such figures as will explain the general 
principles of optics, astronomy, botany, &c. 


* Plate 3, fig. 1, represents the portable camera obscura, made 

sometimes of dimensions suitable to the pocket. At the front, A, 
is a convex lens, refracting the rays from the objects, upon the 
plane mirror, placed diagonally at B, which inflects them up to 
the rough and polished glass at C, where the external objects are 
beautifully represented in miniature, animate as well as inanimate. 
The shutter, D, is for excluding the external light. An additional 
lens is sometimes fitted at A, to accommodate the instrument for 
exhibiting profiles, &c. of persons situated in a room. A convex 
lens has also been applied under the rough glass C; this renders 
the images more vivid, but less defined at their contours. Red 
French chalk may be used for delineating images on the glass C, 
and then, by pressing the white paper on the glass, the figure is 
transferred to the paper. 
For larger camera obscuras to exhibit the images upon white 
drawing paper, the construction of others, and the description of 
other optical machinery, not noticed by our Author, see my Ap- 
pendix to Lecture XVI. Eprr. | | 
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The construction and theory of this instrument is 
simple; it consists of a tin lanthorn with a tube 
fixed to the front; this tube contains an inner 
one, which slides into the other; by drawing the 
outermost out, or pushing it in, the tube may 
be made shorter or longer. At the end of this 
moveable tube a convex lens is fitted; the picture 
which is painted with transparent colours on glass, 
is placed in a groove made in the immoveable part of 
the tube, so that as the tube is lengthened or short- 
ened, the lens will be either at a greater or less dis- 
tance from the picture. In the inmost of the tubes, 
and as close to the side of the lanthorn as possible, is 
placed a thick convex lens, in order to cast a strong 
light from the lamp upon the object. 

Jo be more particular; in the inside of the lan- 

thorn, plate 3, g. 2, is a lamp L, whose light passes 

through the great plano-convex lens NK L, and 

strongly illuminates the object & R, which is a trans- 

parent painting on glass, inverted and moveable be- 

fore the lens MK, by means of a sliding frame in 

which the glass is fixed. The illumination is often in- 

creased by means of a concave mirror, X, placed at 

the back of the lgnthorn. If, when the object is pro- 

perly illuminated, the lens, at 8 T, be moved a little 

further from the object, at QR, than its focal distance, 

it will form, at a great distance on the opposite wall, 

the image VW; which will be as much larger than 

the object QR, as the distance, Z O, is 1 
Z G. As the lens, ST, is moved farther out of, or 

pushed into the tube, the image, VW, will be smaller 
or larger, and according to the distance of the op- 
posite wall. | 

To render the picture distinct, no light should fall 
upon it but what passes through the lens, and for this 
reason the lanthorn must be used in a darkened room, 
The object placed inverted in the lanthorn, as the 
lens Z, by refraction, depicts them inversely on the 
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screen. In the lanthorns now made, the aperture for 
the slider, Q R, is placed before both the lenses at 
MKL, but apparently with no advantage. 


FURTHER REMARKS ON THE PROPERTIES OF 
| CONVEX LENSES. 


Convex lenses are used for magnifying objects: 
to comprehend this, we must consider their nature a 
little further. I have already told you, that when an 
object is very distant, the image is represented at 
the focus of the glass; and that the image is removed 
further from the lens, in proportion as the object 
approaches it; 80 that if the object is at the focal 
distance from the lens, the image is removed to an 
infinite distance. And for this reason, the rays, 
Om, Om, plate 2, fig. 8, which issue from the point 
O, are refracted by the glass, so that they become 
parallel to each other, as NF, and NF; and as pa- 
rallel lines may be considered as proceeding to an 
indefinite distance; and that the image is always 
where the rays, which proceed from tbe object, are 
united after refraction; in the case where the dis- 
tance, OA, of the object is equal to the focus of the 
glass, the image 1s removed to an infinite distance. 
As it is indifferent whether the parallel lines, N F, 
NF, meet on the right or left hand, the image may 
be considered as being on either side, but at an in- 
finite distance. From hence you will easily conclude 
where the image will be found, when the object 
comes still nearer the lens than the focus. 

Let OP, plate 2, fig. 10, be the object: now, as 
the distance, OA, thereof from the lens is less than 
the focal distance, the rays, O m, O m, which pro- 
ceed from the object, are too diverging to be ren- 
dered parallel by refraction; but continue divergent, 
as NF, NF, after they have passed through the 
glass, but much less so than before; 80 that by pro- 
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longing them on the other side the lens, they will 
meet somewhere, as at o; consequently, NF, NF, 
after refraction, follow the same direction as if they 
proceeded from the point o, and an eye which re- 
ceives these rays will be affected as if they came 
from o, and will imagine that the object of vision is 
at o, where there will be no image formed; and in 
vain would you apply a screen there to receive it. 

But an eye at E receives the same impression as if 
the object, O P, existed at 0. It is therefore impor- 
tant, in such cases, to know the size and place of the 
imaginary image op. With respect to the place, it 
will be sufficient to remark, that if the distance 
from the object, AO, was equal to the focal distance 
of the glass, the image would be at an infinite dis- 
tance; but as the object is brought to the lens, the 
more the imaginary image also approaches the glass, 
yet its distance always exceeds that of the object from 
the glass. 

I0o illustrate this by an example; let the focal dis- 
tance of the glass be six inches, and the following 
tables will give you the distances of the object, as 
well as the corresponding distance of the imaginary 


image o p. 


Dislauce of the object AO. | 


— — 


Distance of the ima ginaty 
image Ao 
Infinite. 
30 
12 
6 
3 
17 
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The rule for finding the size of the imagina 
image op, is casy and general. Continue FN, F N, 
the refracted rays, till they meet at o, in the axis 
OA. Draw a line, C Pp, through the extremity 
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of the object and C the center of the glass, and at p, 
where it meets the line op, perpendicular to the 

axis of the glass, you find op for the size of the 
imaginary image: from whence you see, that this 
image is always larger than the object; and that in 
proportion as its distance from the glass exceeds 
that of the object from the glass: you also see, that 
the image is not inverted. 

From these observations you will comprehend the 
nse of convex lenses to persons who do not see near 
objects distinctly, but see well those that are at a 
distance; for by help of these glasses they see near 


objects as if they were at a distance. 


OF CONCAVE GLASSES. 


As convex glasses cause the rays of light to con- 
verge and unite, so those which are concave make 
them separate and diverge; for which reason, if di- 
verging rays fall upon a concave lens, they will di- 
verge more after they have passed through it than 
before; and such rays as converge before their inci- 
dence, will, after their passage, converge less, in ef- 
fect directly contrary to that of convex lenses. 

Let us consider their nature by a diagram, plate 2, 
Beg, 12. Let TV represent a double concave lens, 
and OP an object at a great distance, so that the 
rays, OM, O M, may be deemed parallel. These 
falling upon the concave glass are thereby rendered 
more divergent, and go on in the directions, N F, 
NF, as if they had proceeded from the point o, al- 
though they really proceed from O. 

As the rays are deemed parallel, if the glass had 
been convex, o would have been the focus; but since 
there is no real concurrence of the ray, this point is 
termed the imaginary focus of the concave lens, and 
sometimes the point of dispersion, as the refracted 

rays seem to diverge from this point. 
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Codes glasses have, therefore, no real focal 
point, but one that is imaginary, whose distance, A o, 
however, is termed the focal distance. 

When the object, O P, is at an infinite distance, 
the 3 imaginary image, 15 is represented at the focal 
distance of the concave lens, and on the same side as 
the object; but though this image is imaginary, the 
eye is affected in the same manner as if the rays 
proceeded from that point. 

When the object is nearer the glass, the image 
o þ also approaches it; but so that the image is al- 
ways nearer the glass than the object; whereas in 
convex glasses it is further from the lens than the 
object. To make this clearer, let us suppose, that the 
focal distance of the concave lens be six inches; the 


Distance of the object OA. || Distance of the image OA. 


Infinite 6 
30 5 
12 || 4 
613 
32 

2 15 


The same rule as I gave you before determines 
the size of the image, by drawing a line from the 
center of the glass to the extremity of the object, 
which will pass by p, the extremity of the image; 
this image is not inverted.” Indeed, it is a general 
rule, that the image is always upright when it is on 
the same side of the glass as the object. The figure 
shews you evigently that in concave glasses the image 
is always less than the object. 

You may now see why concave glasses are of such 
use to short-sighted persons, or those who only see 
near objects distinctly; for they will represent distant 


objects to them in the same manner as if they were 
really very near. 


204 OF CONCAVE GLASSES. 


A meniscus has the . of a convex lens, 
when the inner radius is the greater; and of a con- 
cave, when the inner radius is the smaller. If the 
two surfaces are concentric, it has neither of the 


| 1 ſor the rays will then emerge parallel. 


e radius of convexity be less than the radius of 

concavity, then the meniscus will have all the pro- 

rties of a convex lens of the same focal distance. 

f the radius of the concavity be less than the radius 

of convexity, then the meniscus will have all the 

properties of a concave lens, whose focal distance is 
the same. | 

When any small object, or any point of that object, is 
geen by refracted hight, it appears in the direction of that 
line which the rays describe after their last refraction. 

If the rays that come from any small object 
through a glass prism, of which AC B, plate 3, 
Ag. 6, is a section, the ray, DE, will be refracted 
towards a perpendicular when it enters the prism, 
and will describe the line EF; and when it goes out 
of the glass it will be refracted from a perpendicular 
into the line FG; which line is the direction of it 
after its last refraction, and the object, D, will be 
seen at L, instead of D: for this and all other cases 
of the same sort, the picture of the object on the 
retina will be in the same place that it would have 
been if the eye bad been really looking at an object 
placed at L; for the refraction gives the rays. the 
same direction as if they had come originally from L. 

From hence we understand, why an object seen 
through a multiplying glass, or through a glass that 
is cut into different surfaces inclined to one another, 
2 at one view in many different places. If the 
object, B, is seen through the glass, abod, plate 3, 
Ag. 7, by the ray, AB, that passes through the sur- 
face cb, the object by the cye at A, will be seen at 
B; the ray, Bd, passes through the surface cd, and, 
when it is refracted, comes to the eye in the direc- 
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tion AD, as if it proceeded from D, and therefore 
the object appears at D; and for the same reason 
through the surface, ab, it appears at C; conse- 
quently there will be the appearance of as many ob- 
jects as there are such surfaces on the glass, for each 
of them shews the same object in a different place. 
If such a glass be shaken or turned round before the 
eye, the apparent objects on the other side will ap- 
pear also to shake or turn round, as the situation of 
the rays by which it is seen will be varied with every 
motion of the glass. | | 

In refracted vision, it is not the object itself we 
see, but the last image of it, which consists of all. the 
imaginary radiants, or points, from whence the rays 
appear to diverge after their last refraction. That 
you may the better understand what I here mean by 
the last image, let plate3, fig. 12, be an object 
nearer to a convex lens than its principal focus. 
The rays that diverge from any point, b, in this ob- 
ject will, by passing through the lens, be made to 
diverge less, and the imaginary radiant will be more 
remote than the real one. Thus the rays bg, bl, 
when they have gone through the lens, will not 
22 straight forward in the lines g k, Ip, but will 

refracted into the less diverging directions gm, In, 
as if they had come from the imaginary radiant e, 
which is more remote than the real one, b. The 
same will happen to the rays that come from a, or c, 


or any other point in the object; so that there will 


be somewhere behind the lens, as at df, as many 
imaginary radiants as there are real ones in the ob- 
Ject; and these imaginary radiants taken all together 
compose the last image. And since all the rays fall 
upon the eye, as if they had diverged from this last 
image, the eye will be affected by the object, a be, 


2 in the same manner when it looks through the 
ens, as it would be without the lens, by an object 


in all respects like def, or as it would be by the last 
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image, if without the lens the last image could he 
made visible; and because the eye is affected when 
it looks through the lens, as if def was the object, 
and not abc; therefore we say, that it is not the 
object itself, but its last image that we see. | 
This is universal; in refracted vision, the eye is 
affected by the rays of light after refraction, as if 
they had come not from the object itself, but from 
its last image, which consists of all the imaginary 
radiants from whence the refracted rays appear to 
diverge at the same time they fall upon the eye. 


TO FIND THE FOCAL LENGTHS OF LENSES BY 
EXPERIMENTS, | 


1. When the focal length of the lens does not 
exceed two or three feet, it may be found by holding 
the lens at such a distance from the wainscot oppo- 


site a window sash, that the image of the sash may 


be distinct upon the wainscot, and this distance may 
be considered as the focal length of the lens; but if 
the focal length is long, you must compute the focus 
by the subsequent rule. 

Rule. Measure the distance between the lens and 
the object, and also from the image; multiply these 
distances together, and divide the product by their 
sum; the quotient will give the focal distance. Or, 
the square of the distance of the observed focus, 
divided by the distance of the object from the image, 
will give the excess of the observed focus beyond the 
true focal distance. 

2. When you find the focus by making a candle 
the object. To do this, move the lens or the candle, 


and the paper for receiving its image, so that when 


the image is most distinct the lens may be exactly 
between the other two; then halve the distance be- 


tween the object or its image, and the lens is the 


focal distance. 
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3. If a small hole about one-fourth or one- eighth 
of an inch be made in the window-shutter of a dar- 
kened room, and a lens and piece of paper be held 
behind this hole at proper distances, the place where 
the image of the hole is most distinct may be deter- 
mined very critically, and from thence the focal 
length may be found by the foregoing rule. 

4. By the sun's image. Place the lens so that its 
axis may point as near as possible to the sun; then 
holding a paper opposite thereto, the burning point, 
or where the image of the sun is smallest and the 
limb most distinct, is the focus. This method is 
sufficiently accurate for spectacle glasses and reading 
glasses, and such as are broad in proportion to their 
focal length; but will not answer for lenses of a long 
focus, unless they are sufficiently long to exhibit 
the solar spots; because in these cases che image is 
only a glare of light without distinctness; but the 
Mconveniences may be removed by the following 
method. | | 

5. Cover the lens with a piece of pasteboard or 
paper, and make two round holes therein at an equal 
distance from the edge of the lens, and on one of its 
diameters. The lens being thus covered, point its 
axis to the sun: now if a paper be held behind the 
lens, you will find the two circles or white spots 
produced by the two holes gradually approach nearer 
to each other, as the paper 1s moved further; at last 
they will coincide; and if the paper be moved still 
further, they will again separate. The distance of 
the paper from the glass when the circles unite. being 
measured, gives the focal distance. | 


TO FIND THE FOCAL LENGTH OF A CONCAVE 
LENS. 


Let the lens be covered with paper, having two 
small circular holes; and on the paper for receiving 
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the light describe also two small circles, but with 
their centers at twice the distance from each other 
of the centers of the circles. Then move the paper 
ſorwards and backwards till the middle of the sun's 
light, coming through the holes, falls exactly on the 
middle of the circles; that distance of the paper from 
the lens will be the focal length required. 


TO FIND THE FOCUS OF A PLANO-CONVEX AND 
| A PLANO-CONCAVE LENS. t 


By similar experiments you will find, 1. That the 
focus of a plano-convex or of a plano-concave glass 
is equal to a diameter of its convex or concave sur- 
face, that is, of the whole sphere it belongs to. 

2. That the focal distance of a double convex or 
double concave glass, of equal convexities or conca- 
vities, 1s equal to a semi-diameter of either of its 
surfaces; and consequently that the focal distance of 
a glass of unequal convexities or concavities, will 
have an intermediate length between a diameter 


and a semi-diameter of that surface which is most 
convex or concave. 


TO MEASURE THE FOCAL DISTANCE OF A GLOBE. 
OF WATER AND OF GLASS. 


Take a hollow globe of glass, or, instead of it, a 
thin round flask or decanter, and making a mode- 
rate round hole, about an inch diameter, in a piece of 
brown paper, paste it on one side of the body of the 
decanter; and, having filled it with water, hold the 
covered side to the sun, that the perpendicular rays 
may pass through the middle of the water, and the 
emergent rays will be collected to a focus, whose 
nearest distance from the decanter will be equal to 
the semi-diameter of the body of it, as will appear 


by receiving the rays upon a paper held at that dis- 
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tance. That this effect is owing to the water, and 
not to the glass, will be evident by emptying the de- 
canter; for the light that then passes through the 
hole, will then be as broad as the hole itself, at all 
distances of the paper from the decanter. If a si- 
milar experiment be tried, with a solid globe or ball 
of glass, the distance of the focus from the nearest 
part of the hall will be one quarter of its diameter. 


TO FIND THE VER TEX OR CENTER OF A LENS. 


Hold the lens at a proper distance from the eye, 
and observe the two reflected images of a candle 
made by the two surfaces. Move the lens till these 
images coincide, and that point is the vertex; and if 
this be in the middle of its surface, the glass is truly 
centered, otherwise it 1s not. 

The theory of real images is easily illustrated by 
experiment. For this purpose I shall draw a long 
line on the table, and place this convex lens at A, 
_ 2, fig. 7, whose principal foci are OF and Of. 

ow set off these distances on each side of A, and 
then set off the distance, AF, on the part of the line 
AB, marking the parts so set off, 1, 2, 3, 4, &c. 
On fD make f1 equal to Af, and divide it into 
fz, fa, ft, &c. so that these parts be respectively equal 
to +, 4, 4, &c. of f1, or Af: on F1 do the same. 
'This done, let us darken the room, and place a 
lighted candle, Q, over the division marked 2; the 
image of the candle will then be seen distinct, but 
inverted, upon a paper, 9, held over the corres- 
ponding fraction on the other side at 3. If you 
place the candle at 3 or 4, the paper for receiving 
the images must be held over 3, or x, &c. So that 
if the candle be moyed from 2 to an infinite dis- 
tance, the whole motion of the image will be from 3 
to f; if the candle be at 1, the image will be at 1 on 
the other side. If the candle be brought nearer to 
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the motion of the image and candle will be rei- 
= to what they were before. But if the candle 


ail em any where between F and the lens, there 
be no image formed. 


OF THE DEGREES OF BRIGHTNESS AND DIS- 
| TINCTNESS OF AN IMAGE. 1 


Whatever be the shape and magnitude of the hole 
in the paper that covers part of a lens, the shape and 
magnitude of the image will be the same as when the 
tens is uncovered; because any small part of a pencil 
of rays has the same focus as the whole: but the 
brightness of the picture will be diminished, in pro- 
portion as the hole in the cover 1s diminished ; be- 
canse the quantity of light which illuminates every 
point of a picture is diminished in that proportion. 


A GENERAL VIEW OF THE PROPERTIES. AND PHE- 
NOMENA OF SINGLE LENSES, DEDUCED FROM 
THE PRINCIPLES ALREADY ADVANCED.“ 


Let RF, plate 4, fg. 1, be the conjugate foci; 
P, p, the principal foci, By conjugate foci are 
meant two points $0 situated, that either of them 
being the radiant, the other will be the focus. 

Then, 1. Parallel rays falling on one side of a 
convex lens, A, will be refracted to the principal 
foci, P, or p, on the other side. 

2. Parallel rays My on one side of a concave 
lens, A, plate 4, fig. 2, will by refraction diverge 
from the same foci, P, or p, on the same side. 

3. In a convex lens, rays diverging from P, or p, 
Plate 4, fg. 1, will emerge parallel on the other side. 

4. In a concave lens, fig. 2, rays converging to 
Bae or P, will emerge parallel, going out on the same 
si 


* Emerson 's Elements of Opties, p. 125. 
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5. In convex lenses, rays, plate 4, fig. 1, diverging 
from R beyond P will converge to F beyond p, and 
the contrary. CU OL 

6. In convex lenses, rays diverging from R, plate 4, 
Ag. 3, which is nearer than P, will diverge from F 
on the same side with R. | 

7. In convex lenses, rays converging to F, fg. 4, 
will by refraction converge to R, nearer than P or F. 

8. In concave lenses, rays converging to R, fig. 2, 
beyond P, will diverge from F beyond p, and the 
contrary. ks 

9. In concave lenses, rays converging to F, fg. 5 5 
and 6, nearer than p, will by refraction conyerge 
to R beyond F. 

10. In concave lenses, rays diverging from R, 
Ag. 7, beyond p, will diverge from F, nearer than p. 

11. In concave lenses, rays diverging from R, 


Ig. 8, nearer than p, will diverge from F, still nearer 


than p. | 

A meniscus may be considered as convex or con- 
cave, according as the center of its inner surface is 
further off or nearer than the center of the outward 
Surface. | 

The length of an object is to the length of the 
image made by a lens, as the distance of the object 
from the center of the lens, to the distance of the 
image from the lens. 

The area of the object is to the area of the 
image, as the square of the object's distance from 
the lens is to the square of the image's distance 
therefrom. | SF 

A conyex lens magnifies an objeet, when it is 
nearer than twice the principal focal distance; but, 
if further off, the object is diminished. | 

A concave lens diminishes the object in all cases. 

It the object and its image be both on the same 
side of the lens, the image will be erect; if they be on 
different sides, the image will be inyerted. 

0 2 
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' When the object and image are on different sides 
of the lens, as the object approaches the lens, the 
image recedes from it; or if the object recedes the 
image approaches. | 

It the object and image be both on one side of the 
lens, if the object moves towards the lens, the image 
also moves towards it; and the contrary. 

In a convex lens, if the object be beyond the prin- 
cipal focus, its image will be on the other side of the 
glass, and inverted. But if the object be nearer than 
the principal focus, the image will be on the same 
side of the glass, and erect. 

The distance and magnitude of the image may be 
increased at pleasure, by causing the object to ap- 
proach the principal focus. 

In a concave lens, the object and image are always 
on one side of the lens. | 

The image made by a lens becomes visible by 
placing the eye to receive the diverging rays, going 
from the image, at a proper distance for distinct vi- 
sion. | 

The image formed in the air by a lens, may not 
only be seen by the eye placed in the diverging rays, 
but it may also be seen upon a piece of paper placed 
at the focus. | 

If an object be placed at the principal focus of a 
lens, its apparent magnitude at any place beyond the 
lens will be invariably the same, and equal to the ap- 
ark magnitude when seen from the center of the 
ens with the naked eye; so that the apparent magni- 
tude of an object placed in the principal focus, will 
continue, whether the eye be moved nearer to or 
further from the lens 

'The nearer the eye is to the lens, the more of the 
object appears; the 8 off, less of it is perceived. 
If the object be nearer than the principal focus, 
its apparent magnitude grows less in going from the 


glass. If the object be further, the apparent mag- 
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.nitnde is increased, when the eye goes further from 
the glass. 

If the eye be fixed at the principal focus, the ap- 
parent magnitude of an object will be invariably the 
same, wherever the object is placed beyond the glass. 

If the eye be fixed at a less distance than the prin- 
cipal focus, the apparent magnitude of an object is 
diminished, though by slow degrees, as it is re- 
moved from the lens. . 

If the eye be fixed at a greater distance than the 
principal focus, the apparent magnitude of an object 
is increased, as it is removed from the glass, till it 
comes to the conjugate focus in respect to the eye, 
and then it becomes infinite and confused, and be- 
gins to be inverted, and going further off again is 
diminished. BE» 

If the eye and the object be fixed, and a concave 
lens be moved from either of them to the other, the 
apparent magnitude of the object will decrease to the 
middle, and then increase again. 

The brightness of an image formed by a lens from 
a luminous object, will be as the area of the lens di- 
rectly, and the square of the distance reciprocally. 
Though the brightness of the image increases 

with the area of the glass, the distinctness decreases; 
for it is only the rays very near the vertex that are re- 
fracted to a single point in the picture; those that 
are farther off deviate more and more, and thus 
render the picture confused. 

Other phenomena of lenses will be considered in 
the course of these Lectures, which cannot be so 
well treated of till L have explained the nature of 
vision. You now begin to be acquainted with the 
properties of another subtile agent, whose particles 
are immensely minute, whose progress is astonish- 
ingly rapid, whose power and influence is beyond 
comprehension, maintaining an intercourse between 
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M e ie, 
ou have seen that a body, fit to reflect light 
and exhibit colours, when placed in the light, not 
only returns the rays of light that fall upon it, to the 
luminous body by Which it was enlightened, but 
sends the picture itself quite round the hemisphere 
in all directions, and to every point. Place a thou- 
sand, a million of such bodies, near each other, each 
performs the same operation; the rays of light and 
their colours come instantaneous to the spectator's 
eye from each, without wo disturbed or diverted 
in their passage by the numberless rays returned in 
different directions by other contiguous bodies. You 
Have seen the vehemence with which this agent, 
whose parts are so wonderfully minute, acts when its 
rays are collected by the burning-glass; that no ter- 
restrial substance was capable of withstanding its ef- 
fects without being destroyed, or decomposed. Some 
of the effects produced by glasses of different figures 
have been exphitied to you. You have also seen ob- 
jeets seemingly sende in the air, where nothing 
was to be found that was sensible to the touch. In 
the camera obscura, you saw nature draw her own 
picture inverted, and in miniature: you saw a pic- 
ture painted in a moment with a beauty, a vivacity, 
and softness of colours, that would make a landscape, 
drawn by the first artists, appear faint and languid: 
the picture of the camera was animated, the trees 
were agitated by the winds, the flocks bounded upon 
the lawn, and the sun- beams played upon the water: 
and you learnt, that all these scenes depended upon 
the refraction of the rays of light, and were made 
acqainted with the laws of this refraction. In Lec- 


ture XVII. you will see these laws applied to explain 
the nature of vision. | 
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The principal laws of refraction and the properties 
of lenses have been, for a general knowledge, suffi- 
ciently detailed by our Author. To the student, 
who may not possess the advantage of a previous 
acquaintance with the mathematics, I recommend 
actual experiments by various lenses, of different 
foci, diameters, and colours; from these, and an at- 
tention to such models as are represented at plate 4, 
fig. 9, ,10, 11, and 12, he can exemplify all the 
general principles of refraction. by lenses. 

The room should be quite darkened, and the sun's 
rays admitted through an a hs cut in a $hutter, 
or a tube for that purpose placed therein, and move- 
able by a ball, — as 3 to the scioptic ball 
and socket, see F, plate 6, Jig. 9, and, which might 
be used for that purpose. His lenses should be fitted 
in cells, connected to a sliding board or frame, or 
adapted to stands and frames of wood or brass, as re- 

resented at plate 3, fig. 11. By such contrivances 
he e may combine any sort of lenses together as may 
be necessary, either separately or elose. together; he 
might also have lenses ground to the figure of a me- 
niscus, or of a watch-glass, and connected in one 
frame, so that fluids might be included, and the pro- 
perties of refraction by. fluid lenses exemplified. A 
few experiments in this manner will afford the most 
evident and entertaining modifications of refraeted 
rays. The dust usually in motion will, in the dark- 
ened room, give. the various and natural figures of 
the converging and diverging pencil of rays. 

Plate 2, fig. 5, is a convenient apparatus in brass, 
placed in a 4 uh jar of water, to prove experimentally 
the refraction of light out of air into water, and the 
contrary, or with other fluids. AB represents a 
brass circular plate, divided into 360 Aegrors,. cut 
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near to its edge, figured from o to go, from the ho- 
rizontal line drawn through its center. C, D, are 
two moveable radii; on one, marked C, are fixed two 
sight pieces, the holes of which are diametrically di- 
rected through the center; on the extremity of the 
other is fixed only one sight piece, having a white sur- 
face, that it my be the more distinctly seen in water. 
To use this apparatus, for proving that the re- 
fracting medium of water has the proportion of the 
sine of the angle of incidence to the sine of the angle 
of refraction, as 4 to 3, as given by the most eminent 
writers on optics, fix the arm, C, to 40 degrees, 
and the arm, D, to 30". Place the apparatus verti- 
cally in the jar, and pour in as much water as will 
fill it up to the center of the circle exactly. When 
the water is settled, look, through the two sight holes, 
on C, and you will see the sight hole, marked on D, 
exactly in a straight line; which proves, that under 
this proportion of refraction the two radii will a 
pear as one straight line, and that the light from the 
sight D, by passing from water into air, is refracted 
in the proportion of 3 to 4. MES. 
To determine the refractive power of any other 
fluid mediums, the sight, D, may be previously put 
to any number of degrees, and then, by observation, 
the radius, C, moved till they both appear as one 
line. The angle thus cut by C will, with the other, 
D, be the proportion of the angles of incidence and 
refraction. | 
In every position, but when the radius, C, is at 
O and go, when there can be no refraction of the 
light, the proportion will be proved to be the same. 
By fixing a mirror or piece of looking-glass at the 
center of the brass circle, and turning upwards the 
radius D, the apparatus will serve to illustrate a pri- 
mary principle of catoptrics, viz. the angle of incidence 
being always equal to the angle of reflexion, as will be 
deseribed in the following Lecture. 
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LECTURE XVI. 


OF CATOPTRICS. 


Arrzn having explained to you, as concisely as I 
am able, the laws of refraction, and the effect pro- 
duced by these laws; I shall proceed to explain the 


doctrine of catoptrics, or that part of optics which 


treats of the reflexion of light. You will here, 
among other things, learn, how the figure of a man 


six feet high is seen in a glass mirror not above three 


feet; how in a convex mirror figures are reduced to 
a Lilliputian size, and in a concave mirror expanded 
to a gigantic size; wonders that the curious would 
wish to comprehend, and the inexperienced toggx- 


amine. 

Before Newton published his discoveries concern- 
ing the nature and properties of light, it was a prin- 
ciple generally received, that the rays of light were 
reflected, as other bodies, by striking on their solid 
and impervious parts, as you see a marble bound 


when struck upon the pavement. Newton taught 


mankind, that the particles of light are turned back 
before they touch the reflecting body, by some 


power which is equally diffused all over the surface 


of the body. 


If, says he, the rays of light were reflected by im- 


pinging on the solid parts of bodies, their reflexions 
from solid bodies could not be so regular as they 
are; for however polished the smoothest object may 
seem to our sight and touch, yet it is in fact one 
continued assemblage of inequalities. For in polish- 


ing glass with sand, putty, or tripoly, it is not to be 


imagined, that those substances can by grating and 
ſretting the glass bring all its least particles to an ac- 
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curate polish, so that all their surfaces shall be truly 
plane, or truly spherical, and look all the same way, 
or compose one even surface. The smaller the par- 
ticles are, the smaller will be the scratches by which 
they continually wear away the glass until it be po- 
lished; but be they ever so small, they can wear 
away the glass no otherwise than by grating and 
scratching, and breaking the protuberances, and 
therefore polish it no otherwise then by bringing its 
roughness to a very fine grain, so that the scratches 
and frettings of the surface become too small to be 
visible. From such a surface it cannot be supposed, 
that rays will be reflected with such uniformity as 
we usually observe: on the contrary, it is highly pro- 
bable, that if light were reflected by impinging on the 
solid parts of glass, it would be scattered as much by 
the most 2 as by the roughest surface. 

It is therefore a problem, how glass, polished by 
ſretting substances, can reflect light in so regular a 
manner; and this problem is scarce otherwise to be 
solved, than by saying, that the reflexion of a ray is 
not effected by the reflecting body, but by some 
power of the body which is regularly diffused all over 
its surface, and by which it acts upon the ray without 
immediate contact, so that it is reflected before it ar- 
rives at the surface. e 
A ray of light can fall but two ways upon a mirror, 
that is, either perpendicularly or obliquely; and ex- 

perience has proved, that when light is reflected, the 
angle of reſlexion is always equal to the angle of inci- 
dence. Thus, suppose 4 b, plate 1, fig. 25, to be 
the surface of a plane mirror, if a ray of light, fc, 
falls perpendicularly thereon, it is refleeted in the 
same direction, making still a right angle with the 
mirror. If it falls in an oblique . — ec, &c. it 
4s reflected in the direction d, making with the 
mirror the angle of reflexion, d c b, perfectly equal 
to the angle of incidence e c 4. 
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shall prove this to you by two experiments; first, 
T chall let a ray pass — a hole in a darkened 
chamber, and fall obliquely upon a plane mirror; 
you will find, that at equal distances from the point 
of reflexion, the incident and reflected ray will be 
the same height from the surface. 

It is more accurately proved by the brass circle 
used before, plate 2, fig. 5. I place the two radii at 
equal angles from the diameter: now, if you look 
through the hole or sight down upon the center of 
the mirror I have placed at the center of the circle, 
you will see the point of the other radii; which 
proves, that the ray which comes from that point is 
reflected from the center of the mirror to the eye, in 
the same angle in which it fell on the mirror. 

This axiom, that the angle of reflexion is akvays 
equal to the angle of incidence, holds good in every 
case of reflexion, whether from plane or spherical 
surfaces, and that whether they are convex or con- 
cave. 

All reflexion is reciprocal. If the ray ec, plate 1, 
fig. 25, after it has been reflected in the line 4c, is 
turned back again in that direction, it will be re- 
fected into ec; therefore, if deb is the angle of in- 
cidence, ea c will be the angle of reflexion; and if 
ec@ be the angle of incidence, eh will be the angle 
of retlexion. | 

This general law, that the angle of incidence 1s 
always equal to the angle of reflexion, is the foundation 
of all catoptrics, and is sufficient for demonstrating 
all the phenomena thereof: other laws are only con- 
sequances deducible from this principle, or applica- 
tions thereof to particular effects. 

With reflected, as with refracted rays, it 1s neces- 
8ary that several rays should act at the same time, in 
order to make an impression on our eyes; these rays 
may be disposed differently with respect to each 
other: they may be either parallel, convergent, or 
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divergent; and the surface on which they fall, may 
be either plane, convex, or concave. - Each of these 
circumstances we shall consider separately. 

1. Parallel rays falling upon a * — mirror are pa- 
rallel after reflexion. L 
The parallel rays, d b, ca, plate 5, fig. 1, are re- 
Aected from the surface a+ to h and &, making. the 
angle of reflexion, ibi, equal to the angle of inci- 
dence f bd, and the angle of reflexion, gak, equal 
to that of incidence, eac; and consequently from 
the principle of geometry the two rays, db, ca, are 
parallel after reflexion. ” | dries 

This may be proved also by letting two parallel 
rays, in a dark chamber, fall upon a mirror; and you 
will find that they retain their 'parallelism after re- 
flexion in every inclination of the mirror. 

2. When incident diverging rays are reflected from 
s plane mirror. $50 

The diverging rays, db, ca, 2 5, fg. 2, are 
reflected to h and &, and have the same degree of 
2 at F, as they would have had at E. If 
they had gone on in their first direction, the points 
at F and E are equally distant from the points of 
contact @ and 6; therefore the divergence of the 
rays 1s the same after reflexion as before. 

3. When incident converging rays falling upon a 
plane mirror are reflected therefrom. 

The converging rays db, ca, plate 5, fig. 3, if the 
mirror were not interposed, would meet at E, but 
are so reflected from à and 4, as to make the angles 
of reflexion, gh, eah, equal to their respective an- 
gles of incidence Fd, eac, and unite in F, a point 
at the same distance from à and þ as the point E; 
their convergence after reflexion is therefore the 
same as before it. 


. Let us now consider a convex surface, and you 
will find, 
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1. That parallel rays falling upon a conver eurface 
ere rendered diverging by reflexton. 

2. That converging rays, when reflected from a 
convex surface, become less convergent, and may be 
rendered parallel, or even diverging, according to 
the degree of convexity of the reflecting surface. 

3. Divergent rays are rendered more diverging, so 
that a convex surface always tends to scatter the rays 
by diminishing their convergence and increasing 
their divergence. 

As every curved surface may be considered as 
formed of an infinite number of small straight lines, 
which constitute the elements thereof; I shall, to 
render this subject more clear, represent a convex 
surface by two straight lines inclined to each other: 
by thus making the elements conspicuous, you wall 
more readily comprehend why the rays of light, 


when reflected from a convex surface, take a diffe- 


rent direction from what they had when they fell 
upon the mirror. 

Let bd, plate 5, fig. 4, represent a convex mirror, 
and ab, cd, parallel rays falling thereon; and, be- 
cause the angles of reflexion, e, hdi, are always 
equal, the rays are, as you see by the figure, ren- 
dered diverging, and proceed to e and 3. 

In the same manner, the converging rays, ab, cd, 
plate 5, fig. 5, which, if the mirror hd were not in- 
terposed, would unite in , have their direction so 
changed by reflexion, that they proceed to and unite 
at I, much further from the points of contact, & and d, 
than the point n; and you must perceive from the 
figure that the inclination of the two elements, h, 
may be so increased as to render them parallel or 
even diverging. , | 

Thus the rays, ab, cd, plate 5, fig. 6, which, 
without the interposition of the mirror would diverge 
but very little at , are thereby rendered moxe di- 
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verging; so that they are much further apart at /, 
than at m. 

We have only! now to consider the direction of 
rays of light, when reflected from a concave surface; 
and here you will find, 

1. That parallel rays are by reflezion made con- 
verging. 

2. Bat converging rays become more convergent, 

3. That diverging rays become less divergent. 

A view of the diagrams is sufficient to Pye. the 
truth of these propositions. 

Let bd, plate 5, fig. 7, represent a concave mir- 
ror; the rays @ b, cd, which were parallel before 
reflexion are by the laws thereof made to converge 
In 

The rays ab, cd, plate 5, fig. 8, which, without 
the interposition of the mirror, would unite at , 


are thereby so reflected as to meet at /, nearer the 


points of contact þ d than m. 

Lastly, the rays ab and cd, plate 5, fig. 9, which 
before reflexion were divergent, converge after re- 
flexion, meeting at 0. 

From the principles thus laid down, it is easy to 

see what will be the effect of mirrors, and to explain 
the principal phenomena which they occasion. By 
a mirror, or speculum, we in ent mean any sub- 
stance whose surface is efficiently polished to re- 
— uniformly the greater part of the rays which 

N it, and to exhibit an image of the objects 
plac before it. They are generally divided into 
plane, convex, and concave mirrors: there are, be- 


sides these, conical and cylindrical, een and 
prismatical mirrors. 


OF PLANE MIRRORS. 


It will be necessary here to remind you of what 


has been already mentioned; namely, that a pencil 
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of rays emanating from any given point of space, is 
the means by which the sight assures us that a b 
exists at or in that point; it is plain, therefore, that 
we are liable to deception in that respect; for, if the 
pencil be so affected by reflexion, or refraction, as 
to proceed with different divergency or direction, 
that is, in the same direction as it would have pro- 
ceeded in if coming from some other point, the 
sense will refer the place of the object to the point, 
which is in the direction of the last course of the rays. 

In a plane mirror, ab, plate 5, fig. 10, the image 
of an object, c, appears to an eye at e, behind the 
mirror in the direction eg, and always in the inter- 
section, g, of the perpendicular, cg, and the re- 
flected ray, eg; and consequently at g, as far behind 
the mirror as the object, , is before it. We there- 
fore. see the image in the same place, wheresoever 
the reflected ray be by which it 1s perceived; for as 
4 plane mirror does not alter the relative position of 
the rays which fall on it, the diverging rays proceed- 
ing from c are reflected towards the eye e, by the 
mirror 4, with the same degree of divergence, and 
have their imaginary point of union, g, at the same 
distance behind the mirror that c is before it. "I 

For the same reason a plane mirror daes not 
change or alter the figure or size of objects, but the 
whole image is equal and similar to the whole object, 
and has a like situation with respect to one side of 
the plane that the object has with respect to the 
other; for the converging rays, K m, Ln, plate 5, 
Fg. 11, proceeding from the extremities of the ob- 
ject, K L, and falling upon the mirror, ab, are re- 
flected towards the eye, e, with the same degree of 
convergence, and consequently shew the image, #1, 
under an angle equal to that by which the object 
would be seen from the point i, if the mirror were 
Not interposed. | 
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From what has been explained, it follows, that if 


an object, K L, is inclined to a plane mirror, its 
image, Il, will be inclined thereto 1 in a contrary di- 
rection. 

If an object, AB, plate 5, fig. 12, be placed pa- 
rallel to a plane mirror, C D, and at the same dis- 
tance therefrom as the cye, 0; the part of the mirror 
CD, on which the rays, AC, BD, from the object 
fall, which are reflected to the eye, will be one-half 
the length of AB. For the image being as far be- 
hind the glass as the object is before it, the rays, 
OG, OH, are each divided at the middle of the 
mirror CD, and consequently where they only 
ad half as much as they would do at double the 
distance. Therefore, to sce the whole of an object 
in a mirror, the length and breadth of the mirror 
must be half the length and breadth of the object. 
Hence, if the length and breadth of an object be 
given, it is easy to determine the size of a mirror 
that will shew the whole of an object when placed at 
the same distance therefrom as the eye. 

Hence, a person viewing himself in a plane look- 
ing-glass placed upright, will see his image complete 
in a part of the 5 4. whose length and breadth is 

to half the length and breadth of the corres- 
3 parts of his own body; and this will be 
always he case at whatever e he stands from 
the glass. 

A spectator will see his own fs as far beyond 
the speculum as he is before it; and as he moves to 
or from the speculum, the image will, at the same 
time, move towards or from him on the other side; 
but apparently with a double velocity, because the 
two motions are equal and contrary. In like man- 
ner if, while the spectator is at rest, an object be in 
motion, its image Lebind the speculum will be seen 
to move at the same rate. And if the spectator 


— 
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moves, the images of objects that are at rest will ap- 
pear to approach or recede from him, after the same 
manner as when he moves towards real objects; 
plane mirrors reflecting not only the objeet, but tlie 
distance also, and that exactly in its natural dimen- 
sions. 

One principle is sufficient for explaining with 
facility the phenomena of objects seen in a plane 
mirror. It is this: That the image of an object seen in 
a plane mirror, is always in a perpendicular to the 
mirror joining the object and the image; and that the 
image 1s as much on one side the mirror as the object is 
on the other. With the assistance of this principle 
and a little geometry, you may. readily solve the 
principal questions that can be proposed on this sub- 
: The celebrated Archimedes, at the siege of Syra- 
cuse, is said to have destroyed the ships of Marcellus 
by a machine composed of speculums. Since a plane 
speculum, in theory, reflects all the light which is 


incident under the same affections with which it was 


incident, the rays of the sun coming from a very _ 


distant object may be considered as parallel, and 
will be reflected parallel to each other, and conse- 
quently will heat and illuminate any substance in 
the same manner as if the sun shone upon it. Two 
speculums which reflect the light on the same sub- 
stance, will heat it twice as much as the sun's direct 
light; three will heat it three times as much; and 


by increasing the number of speculums, a prodigious 


degree of heat may be produced. 5 
Though a plane speculum is supposed in theory 

to reflect all the light which falls upon it, yet in 

practice almost half the light is lost on account of 


% 


the inaccuracy of the polish, and the want of perfect 


opacity in the substance of the mirror. Notwith- 
Standing this, M. Buffon, in 1747, constructed x 


burning machine of this kind. It consisted of 168* 
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plane mirrors, each eight inches long and six broad, 
80 contrived, that the focal distance might be varied, 
and also the number of glasses, as occasion required. 
In the month of March, 1747, with 40 glasses he 
burnt a plank at the distance of about 70 feet. 
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_ Convex mirrors spread or diverge reflected rays; 
they render parallel rays diverging; they. diminish 
the convergence of converging rays; in some cases 
they render them parallel, and even divergent. 
| — us suppose an object, de, plate 5, fig. 13, to be 
placed before a convex mirror, 4 b. Of the two 
cones of rays proceeding from the extremities of the 
object, the rays dp, and 77 which, if the mirror 
were not interposed, would proceed to and unite 
at p, are reflected less converging on the line fo, at u; 
the rays , el, which would have converged at , are 
reflected parallel to pg, g/: the two rays 4h and ei, 
which would haye met at c, the center — ro are 
reflected back on themselves, because of the perpendi- 
cularity of their incidence: they are however diverg- 
ing; and all the rays proceeding from points beyond 
the two last will be reflected more diverging, as rh, gi. 
In conyex mirrors, as well as those that are plane, 
the image appears always erect and behind the re- 
flecting surface, but differs from it in other respects; 
for, 1. The image in a convex mirror is always Smaller 
than the object, and the diminution is greater in pro- 
rtion as the object is further from the mirror. 
This will appear clear to you on considering the 
properties of a reflecting convex surface, that inci- 
dent converging rays are thereby rendered less con- 
vergent: thus let C D, plate 5, ig. 14, be an object 
placed before a convex mirror, ab; Ce, Dd, two rays 
proceeding from the extremities of the object; these, 
if the mirror were not interposed, would converge 
at /; but are reflected by the mirror less converging, 
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so as to meet at i, thus forming a more acute angle; 
the object appears, therefore, smaller than it would 
have done if it had been viewed from the point F. 
2. The image does not appear so far behind the reflecting 
Surface as in a plane mirror. Let G, fig. 15, be a 
point of any object from whence a diverging cone of 
rays. proceeds, and falls upon the mirror; these rays 
are reflected more diverging, and have consequent!l 


their imaginary focus or point of union, g, muc 


nearer, by which means the image appears to be 
nearer the reflecting surſace than the object; and 
this effect increases in proportion to the convexity of 
the mirror. Concave mirrors have a real focus, con- 
vex mirrors only a virtual focus, and this focus is 
behind the mirror, distant therefrom half the radius 
of its convexity. 2113265 rt A nag ot 

The image of a straight object, not too small, and 
placed parallel or oblique to the mirror, is seen 
curved in the mirror, because the different points of 
the object are not all at an equal distance from the 
surface of the mirror. The point O, plate 5, fig. 13, 
for example, of the object, de, is nearer than the 
rest to the surface of the mirror, the extreme points 
de, are more distant; they will. of consequence be 
represented behind the mirror, at distances propor- 
tional to those at which they are placed before; 
whence it becomes bent or curvet. 
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I have already shewn you, that it is the 
of concave mirrors to collect the rays of light they 
reflect, converging parallel rays, increasing the con- 
vergence of those that are already converging, di- 
minishing the divergence of diverging rays, in some 
cases rendering them parallel, and even convergent. 


These effects are all in proportion to the concavity 


of the mirror. 
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The point where the rays unite is called the focus 
of the mirror; but this focus is not the same for all 
kinds of incident rays. Parallel rays, ab, de, falling 
upon a concave mirror, m o, are reflected so as to 
ynite at F, plate 5, fig. 16, which point is distant 
from its surface one quarter of the diameter of the 
sphere of the mirror; this point is called the focus 
of parallel rays, or true focus of the mirror. Con- 
verging rays, such as fg, li, are reflected more 
converging,” and unite at K, between the focus of 
parallel rays and the mirror. Lastly, diverging rays 
| ing from a point further from the mirror 
than the true focal point, as Rm, Ro, are reflected 
converging, and meet at a point, P, further from the 
mirror than the focal point of parallel rays. . But if 
the point K, from which the diverging rays proceed, 
is nearer the mirror than the point F, are di- 
verging; that at g would proceed to 7, and that at i 


The focus, therefore, of parallel rays is at one- 
fourth the diameter of the sphericity of the mirror. 
The focus of converging rays is nearer the mirror 
than that of parallel rays; but the focus of diverging 
rays is more distant. 

Plane and convex mirrors exhibit their 3 as 
if behind the mirror and erect. The effect of con- 
cave mirrors is different; they only shew the image 
behind the. mirror and erect, when the object is 
placed between the mirror and the focus of parallel 
rays, and then the image is larger than the object. 
Let AB, plate 5, fig. 17, be an object placed before 
a coneave mirror EF, but nearer than the focus of 
parallel rays: the two rays, Ae, Bf, from the extre- 
mities of the object, would, if the mirror were not in- 
terposed, converge in d; but are reflected more con- 
verging, and unite at D, and there form a larger 
angle, and of course exbibit the image, 4b, larger 
than the object, AB. [5 nn pin 
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This image appears further from the back part of 
the mirror than the object does from the fore-side. 
Let A, plate 5, fig. 18, be a point of any object 
placed nearer the mirror than its focus, and from 
which a cone of diverging: rays proceeds; these will 
be reflected less diverging, and therefore have their 
imaginary focus, a, further off, and consequently the 
image will seem at a greater distance behind the 
mirror, than the object is from the front of it. 
But if the object be further from the mirror than F, 
for example, at e, plate 5 fg. 18, the rays; eb, ed, 
diverging but little, are reflected convergent, and 
exhibit the image at E; so that if the eye, o, recedes 
far enough to receive the diverging rays from E, it 
will perceive the image at E, between itself and the 
mirror. The reason is plain; every enlightened 
point of an object becomes visible by means of a 
cone of diverging rays proceeding therefrom; we 
cease to see it, if the rays become parallel or con- 
verging, which happens when the object is further 
from the mirror than its focal point F; the eye 


therefore must recede, till the rays, having crossed, 


become divergent. | 

This image thus formed is always inverted, as ba, 
the image of BA from the mirror GE, plate 5, fig. 19; 
for we cannot see the whole of an object, AB, unless 
diverging rays from its extremities fall upon the eye; 
and this cannot in the present instance take place till 
after these rays have crossed between the object and 
mirror, by which of course they are inverted. 

I shall endeavour to illustrate further, by a dia- 
gram, the theory of the foci of rays reflected by a 
spherical speculum. Through the center, O, of the 
speculum A, plate 6, fig. 5, draw an indefinite line 
BD; bisect OA in F; from the points, O and A, 
divide the lines, O B, AD, into parts each equal to 
OF or FA, marked by the figures 1, 2, 3, 4, 5, &c, 
And from F, take on each side F 1, FI, F3, Fa, 
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&. each equal to the whole, or +, 4, 4, &c. of PO, 
FA. Now, if in the line OB, the point 1, or 2, 3, 4, 


&c. be the focus of incident rays, the correspondent 


point 1, Or n 3, #, &c. in the li e OF, will be the 
focus of the reflected rays. And, vice verse,: if the 
last be the foci of incidence, the former will be, the 
foci after reflexion. In like manner, if 1, 2, 35 Ae. 
in the line, AD, be the foci of incidence, 1,45 Ix *, 
&c. will be the foci of reflected rays, and vice vensg: 
so that the focus of incidence and reflexion unite in 
O and. A; and their motions from O and A towards, 
B and F, in the one case, and towards D and F, in 
the other, are exactly similar, F. _ the rn 
| em rays in both cases. L 

If in a darkened room a lighted candle be held 
farther from a" concave speculum than its principal 
ſocus F, as suppose at 2, its image will be seen dis- 
tinct, but inverted; upon a white paper held at the 
oorresponding point +. And if the — be moved 
to or from the lum, so as to retain the distinet 
image thereof, you will obtain an ocular 
theory of the foci of incident and —— rays: 
when the candle is at O, the paper will be there also. 
But, as the image of an object between F and a 


concave speculum, or any where before. a- convex 
one, is on the other side of the speculum, in either 


— the — of the candle og the ow 
ou place yourself Wir rh this concave mirror, 

but 2 — it than the focus, you will see an 
inverted image of yourself in the air between you 
and the mirror, but you will find the image of a 
smaller size than yourself. If you hold out your 
hand towards the mirror, the hand of the image will 
come out towards your hand, and when at the center 
of-concavity, be of an equal size with it; and you may, 
as it were, shake hands with this aerial image. If you 


maye your hand further, you will find the hand __ 


proof of the 
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the image pass by 18 ur hand, and come between it 
and your body; ou move your band towards 
Ather side, the 1 * 57 the Wege will move towards 
the other, the image moving always Contrariwise to 
the object. All this while, those who ate by-stan- 
ders see nothing of the image, because none of the 
reflected rays that form it enter their eyes. To 
render this effect more et hg and more vivid, 
the mirror is often concealed Th a b. 

The appearance of the mate in the air berrebtz 
the mirror and the object, has been productive of 
many agreeable deceptions, Which, when. exhibited 
with art and an air of my Stery, bas been very suc- 
cessful, and a source of gain to many of our. public 
$how-triei. The images of animated and other ob- 
jects have been by them exhibited in this manner, in 
such a way, as to surprize the Tnorants and please 
the + Scientific or better informed. * En 

This pleasi and imple experithent has been ex- 
hibited as an 1 dee of the Newtonian doctrine 
of space. The experiment shews, that by an image 


formed in the air, at a certain distance between a 


concave speculum and a person looking into it, ex- 
tension and form become an object of sense, Where 
there exists neither solidify nor sensible resistance, 
But this does not prove that an image can be forme: 

in a vacuum, in empty space, or where there is no 
matter, unless it can first be proved, that there can 
be no matter where we are not sensible of resistance. 
For, on the contrary, it may be inferred from this 
phenomenon, that those spaces, which in a loose and 
incorrect sense we call einpty, are as full of matter 
as those in which we find the most solid matter: for, 

as our corporeal senses can be only affected by mat⸗ 
ter, they are Fein intaluble Standards far deter- 
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* To the Appendix to this 2 I 3 given a description of 
e mechanism of the most curious, Ebrr. 
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ing where matter is; so that you may be as 
_ of a fullness of matter where you see any 


thing, though you cannot feel it, as you would be 


certain there was matter where you felt it, though 
you could not see it, or though it were of the nature 
of that matter to be invisible. All kinds of reflected 
images shew, that wherever an object can be formed 
to impress the senses of sight, there must be as great 
a fullness of matter as in the original object, from 
whence the image was carried to those spaces where 
it is again renewed. | 

Mr. Ferguson mentions two pleasing experiments 
to be made with a concave mirror, which you may 
take an opportunity of trying at leisure. If a fire 
be made in a large room, and a smooth mahogan 
table be placed at a good distance near the wall, 
before a large concave mirror, so that the light of 
the fire may be reflected from the mirror to. its focus 
upon the table; if you stand by the table, you will 
see nothing but a long beam of light; but if you 
stand at some distance, as towards the fire, you will 
see an image. of the fire on the table, large and 
erect: and if another person, who knows nothing of 
the matter before hand, should chance to come into 
the room, he would be startled at the appearance, 
for the table would seem to be on fire, and by being 
near the wainscot, endanger the whole house. There 
should be no light in the room, but what proceeds 
from the fire. 7 N 

If the fire be darkened by a screen, and a large 
candle be placed at the back of the screen, a person 
standing by the candle, will see the appearance of a 
fine large star or rather planet upon the table, as 
large as Venus or Jupiter; and if a small wax taper 
uf, placed near the candle, it will appear as a satellite 
to the planet; if the taper be moved round the candle, 
the satellite will go round the planet. Numerous and 

astonishing are the phenomena that may be pro- 
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duced by concave mirrors: one or two more I shall 
exhibit, your own ingenuity will. enable Ar to vary 
them. 
Stand up on this stool, and tell me what yoiti vs 
on the pot near the partition. A bunch of flowers. 
Put out your hand, and lay hold of them. They 
have evaded your endeavours, and you find that you 
attempted to grasp a shadow. The sense of sight 
is certainly subject to the greatest illusion, and this 
experiment is one among many instances. To ex- 
plain the mystery, go behind the partition, and yon 
will find that I have placed a mirror exactly facing 
the hole in the partition. There is also an Argand's 
lamp so placed, as to throw a strong light on the 
object, without throwing, one on the mirror. Phe 
bunch of flowers is situated beneath the aperture in 
the partition, but inverted so as to receive the light 
from the lamp. The space between the back part 
of the partition is painted black, to prevent any re- 
flex ion of light from falling on the mirror. The rest 
is exactly. similar to what you-have — seen, and 
what has been already ex ; ui 
Take a glass bottle, fill it — with water, and 
cork it in the common manner; place this bottle 
opposite a concave mirror, and beyond its focus, that 
it may appear reversed; then place — still far- 
ther distant than the bottle, and it will be seen in 
the air inverted, and the water which is actually in 
the lower part of the bottle, will a Rear to be: e 
upper. See plate 9, fig. 1 and 2. | 
If. you invert the bottle while before the mirror, 
the image will appear in its natural .exect. position, 
and the water will appear in the lower part of the 
bottle: while it is in this inverted state, uncork the 
bottle, and while the water is running out, the image 
1s filling; but as soon as the bottle is empty, the 
illusion ceases. If the bottle likewise be quite fuk 


234 or CONCAVE /MifnoRs. 


there is no illusion. The remarkable circritfisfatices 
in this experiment are, 1. Not only to see an object 
where it is not, but also where its image is not. 
2. That of two objects which are really in the same 
place, as the surface of the bottle and the water it 
contains, the one is seen in one place, the other in 
another, &c. It is supposed, that this illusion arises 
partly from our not being accustomed to see water 
d in a bottle with the neck downward, and 
partly from the resemblance there is between he 
colour of air and the water. 4 
As parallel rays which fall on a concave TEN 
are reflected so " to unite at a focus; and as the 
sun is so remote, that the rays of each beam may be 
considered as parallel, they will converge to the 
ipal focus o the mirror, and the heat produced 
by this means will be sufficient to tet fire to such 
| bodies as are placed before the mirror at the prinei- 
pal focal distance, that itz; half a semi- diameter of the 
mirrors concavitys The different degrees of heat 
at the ſocus of different concave mirrors, is esti- 
mated in the same manner as we have already esti- 
mated the power ut the focus of a convex lens. 
The ancients made use of concave mirrors to re- 
kindle the Vestal fires.” Plulareh, in his life of 
Numa, says that the instruments used for this pur- 
pose, — dishes, which were placed opposite to 
the sun; and the combustible matter placed in the 
center; by which, it is probable, he meant the focus, 
e that to be at the center of the mirror's 
concavi e 
Lou ave; no Abbe long since petoeivet that 
there is a great resemblance between the properties 
of convex lenses and concave mirrors. Convex 
lenses and concave mirrors form an inverted: focal 


5 2 = 4 remote object by the convergence of 
Ee ys. 
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. Concave lenses and oohV/ , mirrors have also con- 


Aderabie vesemblance in their properties they in 


general form an erect image in the virtual —_—_ by: 
the divergerice of the pendil of rays. 
In chose instruments, ag; telescopes, ata per- 
formances are the effects of voflexion, the concave 
mirror is substituted in the place of the convex lens, 
and the convex; mirror may be used instead of the 
coneave lens; but their dispositions with, t to 
each other; must necessarily 
lenses, on account of the of: the, one, had 
the transpareney f the-other,,, ft 7s btn 
The following curious experiments by Mr. King. * 
are too important to be passed over; besides which, 
they have nn / intimate relation to some of tlie sub- 
jects already treated of. He plnpod. a common sise 
candle at the distance of six feet from a/-concave 
glass mirrot; two feet: and an half in diameter: and 
at the distdnee of seventeen feet three inches, he 
placed a second glass mirror, two ſeet diameter; and 
1 glass, at two feet six inches, he 
placed the bulb of a thermometer with 
Fahrenheit a Senle. In five minutes, the quicksilver 
in the thermometer, though at twenty · five feet, nine 
inches ſrom the candle, rose eight degrees, namely, 
trom 60: to 68 on being removed from the ſocus, it 
fell again to 60". That its rise was not occasioned 
by any additional warmth: in the room was certain, 
because another thermometer which was in the room 
did not rise at all in the interval. The alteration of 
the height of the quicksilver was therefore solely 
owing: to the concentration and ee ee 
rays of the light of the candle at the focus. | 
He then remqved the candle, and, — same 
eireumstances, placed a little wire grate four inches 
in ene containing _—_— . of Tn mover 
aM Nh 
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differ from those of 
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coal, and causing them to burn bright by blowing 
2 common pair of bellows, the thermometer was 
again placed in the focus; in six minutes it rose 19 
degrees from 60 to 79, although the heat of the 
room was no way increased by the experiment, as 

it was very large. One remarkable eircumstance 


attended this experiment, which was, that there was 

gensibly to be perceived a small increase of heat 
from the surface of the second mirror 
to the ſocus; whereas, when the rays of the sun are 


the whole 


made use of, no such increase of heat at all Is ever 
ived within the conical con 


which concurred in proving that the effect was pro- 
duced by the rays of light and heat from the ignited 
bodies, Mr. King placed a tea-urn of boiling water 
in the place of the charcoal, at the distance of six 
ſeet from the first mirror, and placing the thermo- 


meter in the focus of the second mirror, in the — 


of five minutes the quicksilver rose one de 
which was even more than could be expected; in 
the next ſive minutes, the thermometer advanced 
one degree more, and yet the other thermometer in 
the room remained stationary; in another five — 
nutes, the steam cooling, the thermometer began 
descend, and in _ minutes more 18 Ae ter 
fell one 

The result of theve experiments is alike woe ob- 
vious: that fire is in a degree subject to the same 
kind of reflexibility and refrangibility with the rays 
of light; and from a convex lens being interposed 
between the mirror and the focus, augmenting the 
effect of the heat. 

If a luminous body be laced in the focus of a 
concave mirror, its rays will be reflected in parallel 
lines, and will therefore strongly enlighten, at a great 
distance, a space of the same dimension with the 
mirror. If the luminous object be placed nearer 


Vergency. 
After making several similar expepiments, all of 
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than the focus, its rays will diverge, and consequently 
enlighten a larger space. It is on this principle that 
reverberators are constructed. 

But few articles on this subject remain to be dis- 
cussed. I have only to shew you how to find the 
principal focus of these mirrors, and then give you a 
concise view of the properties we have already inves- 
yore and an explanation of the various phenomena 


of pictures viewed in a concaye speculum. 


=, 


TO FIND THE FOCAL LENGTH OP A SPHERICAL 
SPECULUM, 


Ist. For a concave speculum. Place the speculum 
50 that its axis may be nearly towards the center of 
the sun. If the speculum be concave, find the burn- 
ing point, or receive thg image upon a white piece 
of paper; and the distance between the focus 80 
found, and the vertex of the speculum, is the focal 
length. Or, cover the speculum with a sheet of 
opake paper, in which make two or more holes, and 
observe where the beams of light reflected from these 
holes unite, and this will be the focal distance. Or, 
lastly, place the speculum at the end of a long table, 
in a vertical position; place a candle at the opposite 
end of the table, so that its flame may. be opposite 
to the vertex of the speculum; then take a piece of 
white paper, and, having fixed it to a stick, place 
the stick in the socket of a candlestick, so that the 
paper may be supported at about the same height 
with the candle; then move the paper or the candle 
forwards and backwards, till the image of the candle 
on the paper is exactly over the candle itself, and 


the point of coincidence is the center of the spe- 


culum. Oe” 

Adly. For a convex speculum. Stick two round 
opake patches thereon, and hold a white paper pa- 
rallel to the speculum, and observe where the shades 


alba 


| of the patches fall upon it, as at G, H, plate 6, fg. 1: 
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measure exactly the distance AG, and; the distance 
betwixt the centers of the shades G, H, and between 
the centers of the patches AD; then as GH-AD 
(Se ) to AD, so is AG (De) to AF, the dis- 
tance require. 6 ot Suaion re 


Or, cover it with paper, having two pin holes 


made, one near each edge of the mirror; expose it 
to the sun, holding another paper before it, having a 
hole large enough to let the solar rays pass through 
to the two pin holes. You will see two white spots 
of reflected light on each side the hole; move the 
paper back ward and forward, till the distance of the 
spots be twice the distance of the holes in the cover, 


and that distance of the paper from the mirror is the 


4 , 2 P . 
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Jo see the image of an object made by any sphe- 
rica] speculum, the eye must be placed in the diverg- 
ing rays, facing the image, and at a proper distance 
for distinct vision. ee 930 | 

If the eye be placed near-the speculum, in the con- 


verging rays before they reach the image, it will per- 


ceive the image of the object beyond the glass, and 


at the same distance nearly as the object is before it, 
and of the same magnitude. | 
If both eyes, in order to view an image, be placed 
near to the point in the diverging-rays, where it is 
to be represented, it will either not be seen, or it will 
appear double; for the axes of the eyes cannot both 
be directed to an object extremely near. 
Though an eye cannot see an image in the air, ex- 
cept it be placed in the diverging rays; yet, if that 
image be received on a white paper, it may be seen 
in any position of the eye. For the rays reflected 
from the mirror to the image and beyond, flow but 
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in that direction; but when the image is received 
on white paper, the rays aye reflected in eyery di- 
rection. | 

If the eye be moved whilst it views the image, the 
image will appear to be moyed; for rays will come 
successiyely to the eye from different points of the 
speculum. | | 

If an object be placed in the principal focus of a 
concave speculum, its apparent magnitude to the 
eye, at any place whatsoever, will be invariably the 
same, and equal to the apparent magnitude to the 
naked eye, when seen from the center of the 
culum. Consequently, the apparent magnitude of 
an object, placed in the principal focus, will always 
continue the same, however the eye is moved back- 
ward or forward from the speculum. 

The nearer the eye is to the speculum, the more 
of the object appears, and vice vers. 

If the object be nearer than the principal focus, its 
apparent magnitude grows less in going from the 
speculum; if it be further off, it increases. 

The apparent magnitude of an object will be in- 
variable wherever it be placed, if the eye be at the 
principal focus. 

When the eye is at a less distance than the prin- 
cipal focus, the magnitude of the object decreases as 
it is moved from the speculum. | 

When the eye is fixed at a greater distance thaw 
this focus, the apparent magnitude of an object in- 
creases in going from the speculum till it arrives at 
the conjugate focus; then it is all confusion. After- 
wards it diminishes again, and 1s inverted. 

A face in going from a concave decreases to the 
principal focus, and then increases. 
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If a picture, drawn according to the rules of per- 
spective, be placed before a concave speculum, 2 
little nearer than its principal focus, the image of 
the picture will _— extremely natural, and very 
nearly like the real one from whence it was taken, 
For not only the objects are greatly magnified, so 
as to approach nearer their natural size; but they 
have also different apparent distances, insomuch, 
that a view of the inside of a church appears very 
like a real church; and landscape pictures as the real 
objects would do, seen from the spot where the view 
was taken. 

This curious phenomenon will be in a great mea- 
Sure accounted for, by attending to this diagram, 
plate 6, fig. 3. Where the curve, pq r, is the geo- 
metrical image of the straight object PQ R, or that 
curve which contains the foci of all the pencils of 
light that diverge from PR, and whose axes 
through the center, O, of the speculum BAC, after 
their reflexion by that speculum. Now it is proved 
by geometry, that the geometrical image of a circle 
facing the speculum, and whose center is at Q, 
and whose diameter is PR, will be a hollow figure, 
formed by the rotation of the curve pq r, round the 
axis Og. If this hollow figure is supposed to be a 
real thing, whose inside surface is variously distin- 
guished into parts by different colours, and a picture 
of it be drawn upon the circle P R, the point offight 
being at O; a spectator placed at O, would be af- 
fected much in the same manner, by rays coming to 
him from the picture, after reflexion from the spe- 
culum, as he would by rays coming to him directly 
from the hollow figure, the speculum and the picture 
being removed; for, in this case, the hollow figure, 
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and the geometrical image of the picture upon the 
circle, are both coincident. 

Again, the geometrical image of a rectangular 

llelogram AB, plate 6, fg. 4, placed where PMR 
is, fg. 3, will be also a hollow figure; but more 
like a pyramid with four sides, than to the figure 
described by the rotation of the curve pq r. In like 
manner, a lesser parallelogram within the former 
will have the image of its sides like those of the 
former, but at a greater distance; and so likewise 
the sides of the several parallelograms, e d, ef, &ec. 
will have their images in a series one behind the 
other, the middlemost being farthest of all; 80 
that the geometrical * the whole figure does 
somewhat resemble the frustrum of a hollow — 
mid with four sides, and which, on account the 
greater apparent distance of the smaller or middle 
parts, appear nearly like a hollow prism, a section of 
which is ps tr, of Ig. 3. 

Now if ps, or r, be the length, and sz, or pr, 
the breadth of the inside of a church, a perspective 
view of which, from O, is drawn upon the plane 
PR, the geometrical figure will not be very unlike 
the church itself. For the picture upon the plane 
P R, is a fi properly consisting of several paral- 
lelograms — towards the middle, after the 
manner of those above described; and if the picture 
be not too large in proportion to the size of the 
speculum, the curvities arising from the form of the 
speculum will not be very considerable. But as 
most of the pencils of light entering the eye, diverge 
from points that are at great distances, their dif- 
ferent divergences are not alone sufficient for de- 
termining the true place of their foci: and the ap- 
parent image of a blank surface placed at PR, 
will not appear near so concaye as the geometrical 
unage. 

VOL. 11. a 
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Here, however, we must have recourse to some 
other cause, and we shall find many concurring 
ones. The contiguous parts of the picture of the 
floor, for instance, form a long series of visible 
images, contiguous likewise to one another. The 
images of the remoter parts appear also at the same 
time fainter and smaller, because the pictures of 
the remoter parts of the real floor diminish faster 
in proportion than the apparent distances of the 


images of the picture increase; so that from all 


these causes conspiring together, the eye receives 
much the same impression as if it looked at a real 
floor; in both cases, the appearance is much the 
same; a long extended surface, a little diminished in 
breadth, and that gradually towards the farther end. 
In like manner the walls appear erect and extended 
on cach side, and the 2 * facing the pave- 
ment; and all gradually inclining, after the same 
manner as a large room appears to the naked sight 
when viewed from one end. Besides the above helps, 
the window light in the sides, the shades of upright 
objects thrown upon the pavement, &c. in the pic- 
tures, do all contribute their share; and all con- 
spiring together, do suthciently outweigh the im- 

rfections of the geometrical image. So that, 
instead of a distorted picture, we see in a manner a 
real church; the great magnitude of the whole, its 
visible concavity, and proportionable length and dis- 
tance of parts, all contributing powerfully to excite 
this idea. Landscapes, &c. are in like manner strik- 
ingly improved by a concave speculum. 

These phenomena appear rather more perfect to 
both eyes than to one alone; and the appearance 
will be the same to one who does not know what the 


picture on the paper represents, which proves, that 


the said phenomena are not founded upon mere 
prejudice, A young child, who had never seen 
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any thing like what was represented, shews great 
marks of joy and surprize upon looking at a print 
in a concave speenlum. If it can be said that na- 
ture is any where improved upon, I think this is 
the place: for if the print or picture be finely exe- 
cuted, the opportunity we have of viewing its 


image, without any extraneous light intruding into 


the eye, is an advantage we cannot have when we 
look at remote objects, and is productive of a won- 
derful effect. : 


OP VISION BY LIGHT REPLECTED AT A CONVEX 
|  SPECULUM., 


We have very little to add to what we have al- 
ready said on this subject. In a convex speculum, 
the images of objects are always seen erect, a little 
convexed towards the eye, and diminished, yet 
rather near to tbe speculum; and the greater the 
conyexity, the nearer, the smaller, and the more 
convex will the images of objects be. 8 

If the speculum be a pretty 1 segment, it will 
exhibit the images of the objects that are pretty wide 
asunder; so that part of the cieling, floor, and two 
sides of the room, may be seen at the same time, 
the whole making a kind of picture very agreeable 
in its effect: and the nearer the eye is to the spe- 
culum, the larger will be the field of the visible 
images. The appearance is a kind of mean between 
the objects themselves and a good picture of them on 
a flat surface; and upon this account, and also for 
grouping the objects, a convex speculum may be 
very useful to a landscape painter, by whom one 


ground from a black sort of glass, is the most 


esteemed, as it gives but one true shade to the ob- 
Jects represented. A convex mirror is now fashion- 
ably a part of furniture in every drawing- room, as it. 
Presents the owner with a pleasing scenography of 


a 2 


244 vis fox BY PLANE SPECULUMS, 


the interior parts of a room, all its furniture, and aff 
the company in whatsoever manner assembled. 
If, while the objects and speculum remain fixed, 
you move to or from the speculum, the apparent 
places and magnitude of the images will remain 
invariable: but if an object moves to or from the 
speculum, its image will also appear to move the 
contrary way; and as it approaches nearer or recedes 
farther, it will appear more and more enlarged or 
diminished. | 

If a convex mirror be placed opposite a window, 
having an extensive prospect, or facing the end of 
a street, the great . multiplicity of objects that are 
seen one beyond the other, and the diminution of 
their images, will sometimes, after 1 on the 
speculum, make us fancy they are at a great distance; 
and, perhaps, further than the objects themselves. 
But, on a more attentive view, this mistake will be 
corrected, and the apparent places of the images will 
not differ sensibly from their real places, or thos 
places whence the rays diverge to the eye. | 


OF VISION BY PLANE SPECULUMS. 


Me have already explained to you the abstract 
theory of images formed by the reflexion and refrac- 
tion of plane and spherical mirrors; I shall now con- 
sider the phenomena of vision by plane mirrors. 
Objects, as N observed, seen by 1 
from plane speculums, generally a 80. perfect 
and natural, Feat if Ne retain nee 18 A2 per- 
ceived, we are liable to mistake the images for the real 
objects of which they are the types. 1 appears 
alive, corporeal, and not a mere surface; and any 
series of objects placed before; the speculum exhibit 
a like series on the other side, all-appearing in their 
due places, agreeable to the theory of images and of 
vision; with this difference, that the images appear 
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semewhat . darker than the objects, on account of the 
loss of light by reflexion; and this, when the images 
are remote, will affect their apparent distances; and 
more especially if, as the case often is, part of the 
floor sustaining the real objects is not seen, or if the 
speculum is not vertical. But when the images are 
near, these causes have no sensible effect. 

When you see your own image, or that of an ob- 
ject behind you, in the speculum, if the image be 
erect, it will appear inverted as to right and left; 
and the reason is, because the object and the image 
face each other, or look contrariwise. The case is 
not unlike, when the object is between us and the 
speculum, though we are apt to make it different 
for want of considering, that it is the back of that 
towards us, and so call that the right side of the ob- 
ject, which we should call the left, if we were on the 
other side. | X | 

The phenomena of vision in plane speculums agree 
so well with the theory of images, that we need say 
nothing more on this head, but proceed to explain 
the phenomena, when two or more speculums are 
combined together, or when one 1s placed in an in- 
clined situation. | S 

If a plane mirror be inclined 10. the horizon in an 
angle of 45 degrees,. with its face downwards, an 
upright object will have its image in an horizontal 
Position, and the image of an object lying horizontal 
will be erect. | 3 

If AB, plate 6, fg. 6, be a plane looking-glass, 
with its reflecting surface downwards, and S5 be 
an object parallel to the horizon, then the mirror 
AB, which makes half a right angle will make half 
a right angle with the object; or AB C will be an 
angle of 45%. Now, at whatever distance a point C, 
in the object is from the mirror, the correspondent e, 
in the image will appear at the same distance ſrom 
the mirror on the other side; therefore C E will be 


* 
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equal to c E: for the same reason any other point, D, u 
will be just as far distant before the mirror as its cbr- u 
respondent point, d, is behind it; so that as the ob- 
ject forms an angle of 457 on one side of the mirrot, $i 
the image will form also an angle, from the same an- 0 
gular point, of 45 on the other, 45 added to 45 e 
making 90*; or a right angle, so that the image is a 
t 


perpendicular to the object, being therefore perpen- 
dicular to the horizon, will appear erect, For the 
same reason, an upright object will have its image 
in an horizontal position; consequently, if you stand 
upright before a mirror inclined to, the horizon, 
the face'upwards, you will see your image extended 
horigontally, as it were, on the floor, with your face 
upwards. go ab 


Hence, if you look into a plane speculum, in- 
clined to the horizon in an angle of 45%, ͤ but with 
the face downwards, you will sce yourself as it were 
in a flying posture; you will seem to be suspended 
horizontally in the air with your face downwards; 
and if the speculum is sufficiently long, you will 
seem to fly upwards or downwards, as you walk to or 
from the speculam. | —__ 28 80 

If the speculum be inclined in any other angle, 
the angle of the image will be varied in the same 
manner: these positions you may easily verify by 
means of a common dressing- glass, as the inclination 
thereof may be altered at pleasure. 0 

On these principles is constructed an optical de- 
ception, which Dr. Hooper has named the animated 
optic balls. On a flat board a serpentine groove is 
ormed in such manner, that if the board be inclined, 
and a small ivory ball be placed at the top of the 
uppermost groove, or conveyed up there by clock- 
work machinery, it will roll with the same velocity 
till it gets to the bottom. This board is placed in 
a box in which there is a looking-glass so inclined, 
that the board appears vertical, and the lower end 
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uppermost; consequently, ; the ball will seem to roll 
upwards. x 

In any number of plane speculums, all hing in the 
same plane, there can be seen, from the same place, 
only one image of the same object. For let there be 
ever so many, they have only the effect of one mirror, 
and the object 1 seen by rays Preeesding therefrom 
to the eye. 

* an os is at I, late 6, fig. 7, within the angle 

C, formed by two plane mirrors AB, BC, it will 
2 as many images of an object O, placed alto within 
this angle, as you can let fall p —_ guccessively 
on the mirror from the object ch of the images. 

1. Let fall the gef er OD, on the mirror 
BC; make ND equal to NO, and the point D will 
be the place of the image: for, if you draw I D from 
the eye, and from g, where it meets the mirror, draw 
gO, you will find the angle of incidence, OgN, 
% to the angle Bg]. 

If from the point D, you let fall on the mirror 

, the We £ D#, and make k E=k D, 
Cy point E will, for the same reasons, he the place 
of my second image, whose object is 5. | 

If from E you let fall en the mirror BC, a 
F dee E Q, and make QF equal to EG, 

will be the place of the third image, of whiet E 
IS 2 object. 

If from F, a perpendicular is let fall on AB, 
it wil pass beyond B to G, beyond the limits of the 
mirrors. 

In the same manner you may shew, that there. is 
in H, an image of the * O, seen by the ray II, 
reflected by the incident ray O h; and a second in K, 
seen by the ray I, reflected from « t, reflected from 
the incident ray 0 t, that there is a third in L, seen 
by the incident ray 0 reflected in /a, and then in 


3 explicit description in the n to this 
Lecture, Evir, 
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@ k, and afterwards in x I; and that there can be no 
more, because the perpendicular LM, from the last 
image, falls without the mirror. 5 | 

From the figure you will see, that the first image 
is seen by one reflected ray; the second by two; the 
third by three; and so on. 

The distance of each image from the eye is 
equal to its incident ray, added to the sum of its 
reflected ray. ; 

The first image is brighter than the second, the 
second than the third, and so of the rest: for the 
intensity of light is continually diminished, a consi- 
derable quantity being lost at every reflexion. 


The larger the angle formed by the mirrors, the fewer 


the number of images; for the cathetus of incidence, 
separate from each other by an angular motion, equal 
to that with which the mirrors are separated, and are 
consequently carried nearer and nearer to the an- 
gular, and fall successively beyond it; so that when 
the mirrors form a right angle, there can be but two 
images, and when it 1s very obtuse, there can be but 
one; which is the number of perpendiculars that can 
be let fall from the object or the images of the object 
on the two mirrors. 

If the | two mirrors are parallel, and infinitely ex- 
tended, there would be an infinite number of images; 
but, as they go on, their distance is greater, and 
their brightness less; they therefore soon become in- 
sensible. So that if two plane mirrors be placed pa- 
rallel to each other, there will be a series of images 
of the floor or space between them, indefinitely ex- 
tended both ways; there being no other limitation 
of their number than what is caused by the decrease 
of light from the continued reflexions. If you stand 
between two such mirrors, you will see in that front- 
ing you, the images both of your fore and back part 


repeated several times, but continually fainter the 
farther off, p | 
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On this principle are constructed a-yariety of inge- 
nious recreations; particularly those that are termed 
the boundless gallery, the magical mirrors, x &c.. 4 

In a single plane mirror, that is made of thick glass 


quicksihvered, many images of any bright object, as 4 


candle, may be seen. SS 

The first surface of the glass being solid and po- 
lished, is itself a mirror, which sends back all the rays 
which do not traverse the glass, and thus forms a 
weak image of the object. By looking at a candle 
obliquely in a mirror, you will see very evidently, by 
its exhibiting a series of images, that the rays of light 
are reflected several times between its surfaces: the 
images, however, all decreasing in brightness, till at 
last the rays become too faint to exhibit an image. 
These are more distinguishable, the more obliquely 
they are viewed. This phenomenon proves very 
plainly, that light suffers a considerable diminution 
in its passage through glass. WET AE 

If a plane mirror turns upon an axis, the angular mo- 
tion of the images is double that of the mirror. 

Let AB, . 6, ig. 2, be a mirror, OE an in- 
cident ray, EF a reflected ray. Now, suppose the 
mirror to turn upon an axis at E, and to take the si- 


tuation CD, then the incident, OE, will have GE for 


its reflected ray. Now, the angle FEG, which ex- 
presses the angular motion or quantity that the re- 
flected ray has moved from its first situation FE, is 
double X AEC, the angular motion of the. mirror. 
If, therefore, the mirror moves one quarter of a circle, 
the reflected ray moves a half circle: it is. for this 
reason that the images of the sun, by a mirror, move 
so fast; and hence, also, the images thereof reflected 


by water, even nearly quiet, appear much agitated, 


particularly when received at some distance from the 
point of incidence. I * 


* For a description of the figures representing these, zee the Ap» 
pendix to this Lecture, Epir. 
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v judge of the pooltness of plane mirrors. Havin 
ene to ain the 2 — of the ira, 
mena of plane mirrors, I shall now proceed to such 
observations as may enable you to judge of their 
goodness. A baton should be exactly figured 
and well polished. The goodness of the figure of a 

plane speculum is easily known, by observing if 
images seen in all positions, especially in very ob- 
lique ones, and from all parts of the speculum, ap- 
pear exactly equal, and similar to the objects: that 
is, if the images, especially the remotest objects in 
the room, appear natural, without having part 
of them distorted, the speculum has a good figure. 
The straight edges of the rails of wainscot are 
objects for experiment. A plane must be exceed- 
ingly erroneous that will distort a face looking into 
it, because the rays being returned almost directly 
back to the eye, small aberrations cannot be sensible. 
But if two persons look at each other's image as ob- 
liquely as they can, they will soon perceive if the 
speculum be faulty. _ r 
It is extremely difficult to grind a true plane; 
and the difficulty of making a good looking-glass 
is still greater, because the two sides should be 
exactly parallel as well as flat. If the images of a 
candle scen very obliquely, and in different obliqui- 
ties, and from all parts of the glass, do not always 
keep pretty holy at equal distances one from an- 
other; it is a proof that the sides of the glass are nei- 
ther flat nor parallel. | 
The better a speculum is polished, the brighter 
will be the images; that is, the eye will receive more 
light from it. The darker the colour of a glass spe- 
culum, the higher is the polish. Different glasses, 
though equally well polished, will not always appear 
equally dark; yet generally the above rule takes 
place, and the darkest is to be preferred, 
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APPENDIX TO LECTURE XVI. 
BV THE EDITOR. 
coxtArxiNG A DESCRIPTION OP THE MODERN 
AND MOST APPROVED CAMERA OBCURAS, AND 
SOME USEFUL AND ENTERTAINING MACHINES, 


DERIVED FROM THE PRINCIPLES OF DIOPTRICS 
'AND CATOPTRICS. 


Of the simple camera obscura. 


A Cartier obscura, very useful to painters, artists, 
&c. may be constructed by means of a single lens 
only. If landscapes or distinct objects are to. be 
represented, a lens from about four to twelve feet 
focus, may be used, according to the commodiousness 
of the room, and the dimensions of the picture de- 
sired, as described by our Author on the scioptic 
ball and socket, at page 196. But if the represen- 
tation of figures, plaister or other models, pictures, 
&c. are desired, a lens from about nine to twelve 
inches in focus, and about two inches and an half in 
diameter, will be found best. It must be fixed into 
the ball and socket, or simply in the window-shutter 
or window- board of the Aaken room, sce A, 
Plate g, fig. 3. A small temporary wooden frame or 
stage, B, to the shutter, on which must be Steadily 
fixed the figure or picture C, but in an inyerted 
sition. To suit lenses of different foci, the stage 
may be from about twelve to twenty-four inches in 
length. 

A white paper screen, D, being brought by trial 
to a a suitable distance within the darkened room, will 
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receive a very beautiful representation of the ex- 
ternal objects, and from which the artist may readily 
copy, or trace the various outlines or minutiæ of the 
nen 
ah 1K coloured figures and paintings are repre- 
sented to a greater adyantage than weak coloured 
ones. If the stron Nay light or sun illumines the 
object at C, and the room is well darkened, the 
images will be very strong and vivid. They will be 
larger in proportion to the distance of the screen, D, 
from the wall, and the nearness of the object C; the 
reason of which, from what our Author has previ- 
ously given in Lecture XV. must be evident to the 
reader. © let. 5 
This method, though simple and somewhat incon- 
venient, is the most perfect of all the various ca- 
mera obscuras; the effect being produced by only 
one refractive medium, gives 5 images with the 
least loss of light possible. * ed Yo road 
The aperture of the lens, C, need neyer exceed 
three inches, and must be occasionally diminished 
by stout paper or metallic rims, with different holes 
or apertures, to suit the various sizes of an object, 
and different degrees of the intensity of light, The 
artist by trial will, under some circumstances, find, 
that too much light may pass through the lens, and 
prove of injury, by confusing the appearance of the 
picture. 9 4 | 
Instead of the paper screen D, a large plane 
glass, polished on one side, and with a fine roogh 
ground on the other, may be used; on this th 
images will be exhibited with more brightness and 
effect than on the paper, but the tracing of them on 
the glass will be rather more difficult than on paper. 
By means of a plane reflecting glass mirror, ob- 
liquely placed, as represented by the dotted lines E, 
the images may be reflected down upon a white» 
painted table, or one coyered with white paper, 
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within the room, but they will not appear 80 bright 
or distinct, from the light being somewhat dimi- 
nished by this reflexion. i 


or THE REPLECTING CAMERA OBSCURA. 


The inconvenience of preparing a darkened room 
for the lenses, screens, &c. has occasioned the sug- 
gestion, by — —— persons, of more ready and 
portable sort of camera obscuras. The pocket one, 
where the images are formed on a plane rough glass, 
J have already described in a note to page 198. It 
is proper to add here the description of a portable 
machine, by means of which, images of all sorts of 
objects may be represented on white paper, and the 
eye and hand of the artist can most conveniently be 
employed in the observing and delineation of them. 
Plate g, fig. 4, represents this instrument as open, 
its various parts put up and together for use. These 
parts, when shut up, are all contained in the maho- ' 
gany box below, shaped neatly like a chest, or formed 
like a book, covered with calf leather, lettered, &e. 
The front and sides, when placed up and hooked 
together, are at the height of about two feet from 
the case EF G. There are two hinges to each of 


the sides, as shewn at P, and the front is fastened 


by hooks and rings, as shewn at 4, as also are the 
sides hooked to the back O, which is only the lid of 
the chest raised upwards. The head, AB CD, is a 


separate piece, and is hooked on withinside at C D. 


It is about four inches square, and contains a true 
ground parallel glass mirror, L, silvered, with a 
proper convex lens in a cell underneath. This head 
is connected to a wooden square trunk, about twelve 
inches long, and having on one side a brass rack N. 
This trunk slides within an outer one C D; havin 


a brass pinion, at M, fitted thereto, which, by acting 


upon the rack when turned by the hand, moves ac- 
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curately upwards or downwards the lens and mirror 
from or towards the bottom of the box E F G, below. 
This motion is necessary for adjusting the lens to its 
proper focal distance from the white paper placed 
within, at the bottom of the box, that the images of 
the external objects may he formed thereon with the 
est distinctness. In viewing these 1mages, the 
face is to be applied close to a pierced opening, made 
for that purpose, in the front K, and for tracing on 
the paper the hand into the cloth sleeve at the bot- 
tom, in the front F G. | 

To shut up this machine, the head is taken off, the 
front and- sides are unhooked; the head and front 
put inside the case, the sides are turned over them, 
and the lid, O, turned down upon them, and a wooden 
front, with lock and key, secures the whole. The 
dimensions of the chest, when thus closed, is about 
twenty-two inches long, fifteen inches broad, and 
ſour inches deep. There is one or more convex 
lenses of different foci in cells, that fit in under the 
mirror, instead of the one before mentioned, which 
are adapted to the representation of nearer objects, 
such as houses on the opposite side of a street, pro- 
files of persons in a room, &c. 

This sort of camera obscura gives the relative po- 
sitions of the images of the objects perfectly in 
the direct and natural way, and not either inverted 
or inversely, as shewn by others. The light and 
Shades, the names on houses and doors, &c. are all 
depicted exactly as they appear to the eye in the 
* . mu 

ig. 5 is a representation of a mahogany frame, 
containing a large convex lens and plane mirror, dia- 
gonally placed, for viewing of perspective prints or 
views. It is fitted to the top and sides of the ca- 
mera, fig. 5, at CD, and is applied there instead of 
the head AB CD, | In this case, all the lower part of 
the front, O, is to be taken away to admit the light 
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upon the prints, placed at the bottom of the box, 


E E G. Upon looking through the convex glass, 


fg. 5, the mirror will occasion the prints to appear 


in a vertical direction, and under a pleasing and 
magnified appearance. This apparatus is called the 
diagonal head, as being the essential part of common 
optical diagonal machines usually sold for viewing 
perspective prints. 'The parts are hooked together, 
but when done with, may be turned over and folded 
into a flat form, to pack into the box, EF G, g. 4. 
A mahogany framed head, with mirror and . 
suitable to the distance, from about six to nine feet, 


is sometimes made to be applied to the roof of the 


garret of a house or summer- house, commanding an 
extensive prospect. The head being contrived to 
turn all round an horizontal direction, see Fg. 6. 
This instrument can, by any intelligent carpenter, 
be easily applied to the roof, to be put in and taken 
out occasionally. A round table, of about three 
feet in diameter, with a screw pillar to raise or de- 
press its surface, for adjusting it properly according 
to the focal distance of the lens, or distances of the 
objects, will be necessary. Its surface should not be 


flat but curved to the segment of a sphere, according 


to the focus of the lens, and distance of the objects. 
The representation of distant objects in this 
manner will afford the highest pleasure and enter- 


tainment to a select company; and if objects in mo- 


tion, such as carriages, horses, ships, &c. favourably 
illuminated by the sun, present themselves, the 
picture will be formed in the most exquisite manner. 


OP THE MOST CURIOUS OPTICAL MACHINES, 
PRODUCING VARIOUS ENTERTAINING DECEP= 
TION'S OR ILLUSIONS. | A 


Persons, unacquainted with the principles optics, 


| have been surprized at the great illusion of their 
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sight, by an artificial construction of 824 optical 
instruments, exhibited by showmen and others. 
The general principles that our Author bas ex- 
plained in the two preceding Lectures are sufficient 
to account for the reason of the effects by the follow- 
ing machines: a bare description of their construc- 
tion and uses will be only necessary to inform the 
reader of the method of exhibiting the experiments, 
and of the considerable entertainment they afford to 
any select company not very conversant in the sci- 
ence. And, that although the instruments may not 
to the philosopher be deemed interesting or useful, 
yet it may be remarked, that from such inferior ar- 


ticles have arisen discoveries of the greatest value 


and importance. 


THE DIOPTRICAL PARADOX, OR OPTICAL' 
DECEPTION. 


Plate g, fig. 7, is a representation of the dioptrical 
paradox. It consists of a mahogany base, ABCD, 
about eight inches square, with a groove, in which 
Slides various coloured prints, or ornamental draw- 
ings; a pillar, E, and horizontal bar, F, with a per- 
spective G, are connected to the base. The perspec- 
tive is placed exactly over the center of the base, and 
contains a particular formed glass hereafter to be 
described. The very curious and surprizing ef- 
fect of this instrument is, that an ace of diamonds, 
in the center of one of the drawings, when placed on 
the base, shall, through the perceptive G, be actually 
represented as the ace of clubs; a figure of a cat in 
another, seen as an owl; a letter A, as an O; and a 
variety of others equally astonishing. 

The principle of this machine is truly simple, and 
is as follows: the glass in the tube G, which pro- 
duces this change, is somewhat on the principle of 


the common multiplying glass, fg. 7, plate 3, and Is 
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represented at Fg. g. The only difference is, that its 
sides are flat, and from its base, hexagonally divided, 
diverge upwards to a point in the axis of the glass, 
like a cone, each side forming an isoceles triangle. 
Besides its figure, its distance from the eye is 80 
adjusted, that each angular side, by its refractive 
power on the rays of light coming from the border 
of the print, and such a portion designedly there 
placed, will refract to the eye the various parts as one 
entire figure that is to be represented; the figure 
of the glass preventing any appearance of the origi- 
nal figure in the center, such as the ace of diamonds, 
being seen; consequently, the ace of clubs being 
previously and mechanically drawn in the circle of 
refraction, at six different parts of the border, 
1, 2, 3, 4, 5, and 6, and artfully disguised therein 
by blending them with it, the glass in the tube, G, 
will change in appearance the ace of diamonds into 
the ace of clubs; and in like manner for the other 
prints. | | 

As the refractive power of two different glasses are 
not precisely the same, this instrument. is rather te- 
dious in the making; for the inserting of the figures 
in the borders must, in every machine, be done by 
the hand on the print in the instrument, and ob- 
servation through the perspective, G, at the same 
time. | 
Any number of changes may be designed and 
drawn, according to the skill of che draughtsman. 


THE OPTICAL PARADOX. 


| Big. 10 is a representation of the double persper- 
tive, or optical paradox. One of the perspectives of 
the instrument being placed before the eye, an object 
will be seen directly through both; a board, A, or 
other opake body being interposed, will not make 


| the least obstruction to the rays; and the observer 
TIE © R 
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will be surprized, as it were, that he sees through a 
perspective having the property of penetrating either 
solid metal or wood. | 
The construction of this instrament is chieft 

from four small plane reflecting glass mirrors, à, þ 
c, d, fig. 11, of which a and & are placed at an an- 
gle of 45 degrees in the two perspectives, and c and d 
parallel thereto in the trunk below, which is 80 
formed as to appear like a solid handle to the per- 
spectives. It is evident, from the principle of catop- 
tries, that the object, J, falling on the first mirror, d, 
will be reflected down to c, on þ, and up to a, and 
\ thence out to the eye, giving the appearance of the 
straight lineal direction, a d. 


THE ENDLESS GALLERY. 
* 


Fig. 12 represents a mahogany or other box, about 
eighteen inches in length, twelve inches broad, and 
nine inches deep; but these dimensions are not es- 
sential, and may be altered at pleasure, except in 
about these proportions. In the inside of this box, 
and against each of its two opposite faces, A and B, 
place a plane true- ground glass mirror as free from 
veins as possible, of the dimensions nearly equal to 
the faces, only allowing a small space for a transpa- 
rent paper, or other cover at top. From the middle 
of the mirror, C, placed at B, take off neatly a round 
surſace of the silvering, about one inch and an balf 
in diameter, where in the side of the box must be 
cut a correspondent hole not more in diameter than 
that of the glass. The top should be of glass covered 
with gauze, or of oil transparent paper, it being 
essential that as much light as possible be admitted 
into the box. Within this box on the two long 
sides must be eut or placed two grooves, at E and F, 
to receive various drawings or paintings, as hereafter 
described. It is best to cut many grooves in the 
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sides for the reception of such a variety of objects as 
may be desired. Two paintings or skilful drawings 
of any perspective subject must be made on the two 
opposite faces of a pasteboard, see fg. 13 and 14, such 
as forests, gardens, colannades, &c. After having cut 
the blank parts carefully out, place them in the two 
grooves, E and F, of the box. Paint also on two 
other boards of the same dimensions similar subjects, 
but only on one side, observing that the one which 
is to be placed on the glass, containing the open- 
ing C, should have nothing drawn there to prevent 
the sight, and that the other for the opposite side, D, 
should also not be very full of figures. After it is 
neatly cut out and placed on the glass, it should 
cover but a small part of it. The other board 
should be cut out, and also contain but few figures, 
so as only to be necessary to disguise the repetition 
of the aperture C, without which it would appear on 
the glass D; this is to be applied to the glass D. 
The top is then to be covered up with its transparent 
cover, and the instrument is ready for use. ä 

The effect is very entertaining and striking. The 
eye being applied to the opening, C, will see the 
various objects drawn on the scenes reflected in a 
very successive and endless manner, by being re- 
flected from one of the mirrors upon that which is 
opposite; as for instance, if they 2 trees, it 
would a r an entire e, ver „ and of 
which — would * end; "th of the mir- 
rors repeating the objects more faintly, as the re- 
flexions are more numerous, and thereby contri- 
buting still more to the illusion. 

Ingenuity will suggest a variety of entertaining 
figures of men women, &c. to increase the effect; 
and two mirrors may also be placed on the sides, to 
convey an idea of great breadth as well as length. 

K 2 
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The machinery for this recreation being carefully 
constructed, will produce one of the most pleasing 
and entertaining amusements. I shall, therefore, 
give a more detailed description. 

Procure a mahogany or other wood box, AB CD, 
fig. 15, plate g, about two feet high, and fifteen inches 
wide, and towards the upper front part make an 
opening, E, of eight or nine inches in height, and 
seven or eight inches in width, and in this fix a true 
ground plane glass. The depth, BD, of the box, 
as represented in the profile of the figure, must be 
two feet, and a partition, 8 T, fixed in it, of the 
same width or fifteen inches; which will make an 
upper and under division in the box, and the latter 
be about one inch more than the former. 

On the upper division, and near the extremity 8, 
of the partition 8 T, place across it a small decora- 
tion, K 8, of the figure of a front scene of a theatre, 
with an opening of about nine inches in height, and 
seven inches wide. Place behind this a true ground 


glass mirror, K F, inclined in an angle of about 
thirty or forty degrees at most, and it must be of 


the same width as the box, so as to be sufficiently 
large to cover the opening of the front scene, K &, 
when the eye it looking at it from E. Ornament 
the interior space, K S T B, with such drawings or 
paintings as will contribute to the elegance and 
E of the exhibition; and cover the top of the 

x from K to B with a frame containing a glass 


ground with fine emery, or covered with a fine 
gauze, so as the light may be admitted as much 


as possible into the part KST B. This being 
done, and with proper care, the next artiele to be 
placed is the inclined plane hereafter described, 
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and which must be of dimensions proper to enter by 
a door made in the back G H. 

Construction of the inclined plane. This plane, 
IM, should be more or less extended and inclined 
on the base, CD, according to the greater or less 
inclination which is given to the mirror K F. The 
plane may be supported by two triangular props 
underneath placed at I M L. 

On the upper surface of this plane must be painted 
or drawn a pleasing subject, such as a garden with 
flowers, or a piece of architecture, &c. in such a 
manner that it may appear regular when viewed 
from E, by reflexion from the inclined mirror above; 
and as some places may be perceived on the sides of 
the box, place horizontally towards K S decorations 
which may cover them. 

Cut in this inclined plane a groove of about three 
tenths of an inch deep, equally large throughout, 
and smoothly finished; this groove must be so dis- 
posed, that the ball, while descending, may make 


various windings as represented at I M, and at last, 


approaching the middle of its inferior side C D, dis- 
appear by going away into the groove or channel, OP, 
and falling into a box, H, made to receive it in the 


wheel-work hereafter described. Several ivory balls 
rather more than half an inch in diameter should be 


provided, which are to roll freely in the groove just 


described. It would be better to contrive the in- 


clined plane, IM, so as to admit of being raised or 


depressed, to regulate the motion or velocity with 


which the ball should roll. 

Inside of the box, about R, two small lamps or 
wax candles should be placed to illuminate the in- 
clined plane, and no other part of the machine. If 
reflectors are placed behind, it would be better. A 
door must be made to admit these being taken out, 
a cover of tin, and a funnel for the conveyance at 
the smoke, 


* 
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Construction of the apparatus for intessantly re- 
mounting the balls. This machine is similar to clock- 
work, and contains a barrel with a coiled spring, 
and wheel and pinions. There is no peculiar plan 
of the wheel-work; the following is such as recom- 
mended and described by Mr. Guyo#. Provide a 
train of clock-work contained in a brass frame, 


EF GH, fg. 16, composed of a barrel with a spring 


and ratchet wheel and click, as in a common 
clock, fixed to the large wheel with teeth, A; a 
second wheel, B, the pinion of which is connected 
with the wheel, A; a third wheel, C, the pinion of 
which is turned by the wheel, B; and a fly, D, the 
pinion of which is turned by the wheel, C; the 
wings of this fly should be moveable, so that a 
quicker or slower motion can be given, as may be 
necessary. The axis of this wheel, B, should pro- 
ject about one-half an inch beyond the side of the 
frame, to receive the center of the brass arm, HI, 
Fe. 17, which must carry at its two extremities two 
boxes open towards H and 1, and enlarging towards 
the bottom. In the interior part of these boxes, 
should be fixed a small plate of brass moveable on a 
pivot, F, and bent towards E; so that, when one of 
the balls, having rolled down the inclined plane, 
shall pass into the bottom of one of the boxes, and, 
by its weight, shall elevate the other end of the arm 
HI, and raise it from its place where it was stopped, 
leaving by these means the branch at liberty to turn 
until its opposite end shall in its turn be stopped; 80 
that the upper ball thus remounted shall roll out of 
its box into the upper part of the groove of the in- 
clined plane; from whence descending again, a ball 
will disengage the second box; and so on alternately, 
until the spring contained in the barrel is uncoiled, 
which may be a number of times, in proportion to 
the number of the teeth in the wheels and pinions 
comprizing the wheel-work. The spring in the 
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barrel may be wound up by a key placed on its axis, 
as in common clock-work. It is necessary to add, 
that the action of one of the balls going into the box 
disengages at the instant the stop that prevents its 
motion at the time, after discharging the other at 
the top. . | 

The following is the effect of this recreation. 
When a ball is put into the groove at top of the 
inclined plane, a person looking at it through the 


opening, E, fg. 15, will imagine that it ascends by 


various windings, contrary to the common gravit 
of bodies, and goes out at top of the edifice; which 
will appear more curious and pleasant, as the diffe- 
rent windings are judiciously adapted to the subject 
painted on the plane. | 
To exhibit the ame by @ double reflexion. This 
apparatus differs from the foregoing, by only having 
a glass mirror inclined in an angle of 45 degrees, 
instead of the inclined plane, and by having that 
plane on which the balls roll placed in the part of 
the box, TD. There may, besides, be placed to- 
wards ST, and in a position almost horizontal, 
small columns, arbours, and other objects, made of 
brass wire, placed at equal distances, and joined 
er at the bottom by semicircles, which must 


be so contrived as not to obstruct the course of the 


ball. 

If the room in the box will admit, under the for- 
mer may be placed another similar arrangement of 
wires; so that the ball having rolled over the first, 
may descend to the other, which will produce a 
curious and striking effect, as the balls will seem to 
rencounter and pass over each other. 'There must, 
therefore, be two conductors for the balls; so that 
one ball may enter on one side, and the other on the 
opposite side. There should also be a third con- 
ductor, which, after the ball has passed over the third 
piece, may carry it to the top of the inclined plana 
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placed opposite to the second mirror, that it may 
pass down through all the windings. 

The wire for the balls should have a small incli- 
nation about two lengths of an inch for a foot, and 
the distance of the wires something less than the 
diameter of the balls. 

Small variations may be made in the ornaments, 
 &c. to this machine, the balls coloured red or other- 
wise; the greatest effect being produced by an in- 
genious and perfect mechanical construction of its 
various parts. % 


THE REAL APPARITION, 


Behind a partition, AB, fg. 18, place somewhat 
inclined a concave mirror E F, which must be at 
least ten inches in diameter, and its distance equal 
to three-fourths from its center. In the partition, 
cut a square or circular opening of seven or eight 
inches in diameter, directly opposite to the mirror, 


Behind this a strong light, such as from large can- 


dles or Argand's lamp, which must be so disposed 
that it may not be seen at the opening, and illumi- 
nate strongly an object placed at C, without giving 
light to the mirror. Beneath the aperture, place 
any object, C, that is intended to be represented on 
the outside of the partition, in an inverted position, 
which suppose a flower, figure, picture, &c. Before 
the partition and below the aperture, place a flower- 
pot, D, or other suitable pedestal, so as the top may 
be even with the bottom of the aperture, and that 
the eye placed at G may see the flower in the same 
position as if its stalk came out of the pot. | 

The space between the back part of the partition 
and the mirror must be painted black, to prevent 
any extraneous light being reflected on the mirror; 
in fact, the whole should be so disposed, as to be as 
little enlightened as possible, for the proper ma- 
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nagement of the light and shade is as material as any 


other part to the experiment; the strength and bold 


effect of the image depends entirely upon it, and 


for want of this precaution many attempts have 
failed, and the experiment ignorantly depreciated. 


When a person is placed at G, he will perceive 


the flower or other object placed behind the parti- 
tion; but, on putting forward his hand to pluck it, 
he will find that he attempts the grasping of a 
phantom, e 
Fig. 19 represents a different position of the mir- 
ror and partition, and better constructed for exhi- 
biting effect by various objects at the instant. A is 


a thin partition of a room from the cieling down to 


about two feet and an half from the ground. B, a 
continuation of it, with an aperture for a good 
convex lens turned outwards into the room nearly 


in an horizontal direction, proper for viewing. by 


the eye of a person standing upright from the 
floor or footstool. C, a continuation of the parti- 
tion to the ground, so as to exelude every observa- 
tion of the internal arrangement from the spectator 
at the outside. D is a large concave. mirror sup- 
ported at a proper angle, to reflect upwards through 
the glass in the partition B, images of objects at E, 
presented towards the mirror below. A strong light 
from lamps, &c. is to be directed upon the object 
and no where else; and, to the eye at E in a 


darkened room, it is truly surprizing and admi- 


rable to what effect the images are reflected up into 
the air at G. It is from this arrangement, that the 
showman mentioned by our author, page 230, is 
now exciting the ignorant distant from the metro- 
polis to the surprize of wonderful apparitions of va- 
rious kinds of objects, such as à relative's features 


for his own, paintings of portraits, plaster figures, 


flowers, fruit, sword, dagger, death's head, &c. and 
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all to produce a sudden effect pou the mind or 


imagination. 
71 cause the appearance of a flower from its ander. 
A concave mirror is here again the material article 
in the machine. Fig. 19, ABC DEF, represents a 
wooden box about two feet and an half high at AC, 


fifteen inches at DF, and, for the length, eighteen 


to twenty inches; and its breadth, DH, about twelve 
inches. In an opening made in the side, B E, place 
a glass bottle six inches in diameter, which fitting 
exactly the aperture, disguises the mirror, N. A 
paper circle, O, of six inches diameter, containing a 
bar magnet suspended by a fine thread for a center, 
underneath the part EG. Four small neat artificial 
flowers are to be fixed to the circumference of the 
card at equal distances, and so adjusted as by the 
mirror to be reflected in the bottle M. The inside 
of the box is to be made black, and by a door, P, a 
Hght introduced at Q, using all the necessary pre- 
cautions for light and darkness as directed in We 
preceding experiments. 

A s8mall square box must be provided, about six 
inches square, having four compartments, and a 


corresponding magnetical bar concealed inside. In 


either of these four squares, the ashes of the burnt 
flower, similar to one of the four on the circle, is to 
be deposited, and the box placed at top, 8, by a 
private mark made for that purpose, and in such a 
position, that the attraction of the magnet may bring 
the proper flower before the mirror N. A person 
then with his eye at some distance from the bottle M, 
will perceive, to his surprize, the flower in it that he 
was told had been burnt to ashes. | 

Any of the four ashes might be previously named, 
and the appearance of the flower restored in an in- 
instant. In the bottle may be placed clear water, 
and in the experiment, it may be said that it is a 


1 
| 
] 
{ 
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particular prepared liquor that restored the flower 


from the ashes. 

The phenomena to be produced by concave mir- 
rors are endless; what have been just described, 
will illustrate those already noticed by our author, 
I shall conclade this appendix by describing one 
more machine, which, — construeted, will 


afford equal teren and surprize with the 
e 


THE OPTICAL PERSPECTIVE BOX. 


Fig. 21 represents 'a box containing a concave 
mirror at its end AC; the length may be from 
cightcen inches to two feet, and breadth and depth 
according to the diameter of the mirror used. At 
IL is introduced a blackened partition to hide the 
frame of the mirror, and the hole cut in it is 
large enough to admit the view of the object to be 
placed at BEFD. The top of the box should be 
covered close from A to I; the other part, I B, may 
be covered with glass lined with gauze or paper. An 
aperture for both eyes must be made above, at G, and 
under this may be placed drawings, paintings, &c. 
which either by night or day must be illuminated as 
2 gly as possible. By this simple construction, a 

_ beautiful and perspective view of the object 

be had, and in a manner very pleasing and 
entertaining. 

If a perspective view of a landscape, shipping, &c. 
be painted on three pieces of glass, and placed 
about an inch apart at the inside end of the box BF, 
and 80 much of the end of the box cut out as to 
admit the rays of the sun, or the light from wax 
candles placed in a tin box behind them, it will afford 
one of the most enchanting views that can be ima- 
gined; the picture will appear actually extended like 
nature, and all the various subjects under a rehef 
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much more perfect and bold than to the common 
eye without the mirror. i 

In this apparatus, the more the mirror is darkened 
and secreted and the more the objects are illumi- 
nated, the still stronger will be the effect. Com- 
mon perspective prints of buildings, &c. usually sold 
with the common diagonal print machines, when 
perforated at different parts, such as the windows, 
&c. and transparent coloured paper applied thereon, 
have also a very pleasing effect in the box, and give 
the appearance of illuminations by night. 


THE CYLINDRICAL MIRROR. 


A concave cylindrical mirror, which is a glass 
und by the revolution of a cylindrical tool turn- 
ing on its axis, produces two or three curious and 
entertaining effects. The face presented to one 
mounted in a square frame will appear in one direc- 
tion elongated, or, in a vertical direction, deformed 
in an extraordinary manner. If the mirror be turned 
a quarter round, the face will be extended in a si- 
milar way, but horizontally. A finger placed to the 
right side of the nose, while the face is within the 
ſocus of the mirror, will appear as in a plane mirror; 
but if the face and finger together be carried back- 
wards in the axis of the glass beyond the focus, the 
finger will in a singular manner appear on the re- 
verse side, though every other part of the face ap- 
| Er unaltered. The cause is from the mirror 
aving only a longitudinal focus, in one direction, 
and that in the cylindrical direction of its curve. 
For a description of other articles of recreation, 
see Recreations by Hooper, and in French by Guyot, 
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ON THE NATURE OP VISION. 


Ir has been my endeavour, in the preceding Lec- 
tures, to rescue Philosophy from the imputation 
she has long lain under of being dangerous to reli- 
gion and piety. It was not uncommon formerly 
to suspect every one, who professed to pursue the 
light of nature, of unsoundness of principles, and 
of a secret design to undermine the belief of a Pro- 
vidence, and the being of a God. Nor can it be 
denied, that there has been ground for such a suspi- 
cion; for those who really had such evil designs, 
proceeded by attempting to explain the surrounding 
phenomena by the powers of nature, and thus endea- 
vouring to confine the attention of mankind to them 
alone. But the state of natural philosophy is now 
altered; it is become an innocent, inoffensive sci- 
ence, a useful minister in the temple of the Lord. 
In ancient times, nature was esteemed an ori- 
ginal source of being, distinct from the Almighty; 
matter was thought to be possessed of a being 
which HR never gave it, and the elements to have 
their differences and qualities independent of I. 
These notions have long since been exploded, and 
God is acknowledged to be the creator of all things 
visible and invisible. It is now clear, that the ab- 
stract and sensible essences of nature receive their 
permanency, and her courses their stability, from 
the covenant or immutable will of God; her sub- 
stances, both material and spiritual, together with 
their primary as well as „ qualities, their ap- 
plications to one another, their mutual affections, 
and all effects and events resulting therefrom, being 
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derived primarily from no other source, than the 


power, the wisdom, and the goodness of God. Na- 


ture is the work of God, her acts are his, her pro- 
ductions his gifts, her every operation an execu- 
tion of his will. Great then is the error of those, 
who have set up nature as a first principle, in the 


place of God, whereby to account for physical ope- 


rations and productions; for nature is nothing in it- 
self, but a mere word without any meaning or idea 
belonging to it, if considered in any other view than 
as that system of laws whereby God upholds this 
visible world, and produces the infinite variety of 
forms and effects in it, according to an established 
and regular course of subordinate causes and means; 
and, consequently, where the mind terminates its 
views in a supposed nature as a self- moving agent or 
principle, it robs God of the honour due to his 
majesty, and transfers it to an idol of its own 
making.“ * | 
The study of the human frame, &c. has been re- 
2 with the same unfavourable suspicion as phi- 
osophy. For there being a great deal of mechanism 
in the human composition, those who applied to a 
close examination and study of the machine, were 
apt to think too slightly of the spiritual part, inso- 
much, that it has been a current saying, wherever 
1 see three physicians, you see two atheists. But 
do not apprehend that they mow retain the same 
sentiments. They erred, because they saw that the 
understanding might sometimes be restored to mad- 
men by medicines: they knew, that some of their 
drugs had a powerful effect upon the imagination, 
50 as to warm it with sanguine hope, or chill it with 
desponding melancholy: they ſound, that a delicacy 
of texture in the fibres of the brain, a purity of the 
circulating juices, had an influence on the natural 
talents, and occasioned a predominancy of some one 


of the principal humours that distinguished the cha- 
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racters of men; that an-unnatural pressure, or a little 
hete eous mixture in the medullary substance 
within the head, disabled the soul from exercising 
her functions; and that in general the tenour and 
colour of our thoughts depended very much upon the 
disposition of the "6 4g Arguing from appear- 
ances, which will ever mislead, they imagined that 
powers had been ascribed to the soul, which really 
resided in the body, and were tempted in an evil hour 
too hastily to conclude, that she had none belonging 
to her; but that thought itself, with all its varieties, 
were nothing more than mere 2 and a 
diversity of motions in matter. 

«© Beginning at the wrong end, and tracing the 
intellectual operations from organized matter as 
their source and cause; they could not but infer, that 
the cause being taken away, the effect must neces- 
sarily cease. Seeing that a contusion, or other in- 
jury of the brain, occasions a disorder or loss of the 
understanding and memory, they thence argued that 
the brain is the principal cause or foundation of these 
powers; whereas, perception, thought, and memory, 
do not flow from the brain, but from the mind into 
it, as the proper medium for the manifestation of the 
intellectual powers. The defect or destrucion of the 
organ does not occasion any absolute loss or annihi- 
lation of intellect, for that still remains the same in 
its own spiritual principle, it only hinders it from 
manifesting its operations in the natural world.” 
To suppose that mind and matter are the same, be- 
cause the disorder of the body apparently influences 
the soul, is as absurd as to say that the art, science, 
and intelligence of a musician lies entirely in the 
strings or pipes of his 1 instrument, because his know- 
ledge is more or less conspicuous, according as they 
are more or less tuned. It is a sophistry that can 
only dazzle superficial minds, that thus takes appear- 
ances for realities, effects for causes. 
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/ But this temptation is now removed; for a more 


exact scrutiny into the properties of matter has 


clearly shewn, that no assortment of matter, how 
nicely soever arranged, can form an intelligent 
being. Let materialists insist as strongly as they 
please, that the characters and thoughts of men 
result from their machinery and organization; we 
know, that no such result can take place, unless 
there were a perceptive spirit to receive the action 
of the machine. To imagine otherwise would be 
as absurd as to suppose that a Bible might teach 
a sentiment of religion without a reader to peruse 
it; or the grass a sensation of green, without an eye 
to discern it. Some things indeed, the mind per- 
forms through the body; as for example, the va- 
rious works and energics of art. Others it per- 
forms without such a medium, as when it thinks, 
and reasons, and concludes. Now, though the 
mind, in either case, may be called the principal 
source, yet these last are most properly its own pe- 
culiar acts, as more immediatcly reterable to its 
peculiar powers; and thus is mind ultimately the 
cause of all. if 2 
The ancient atheists, as Anaximander, Demo- 
eritus, &c. founded their tenets on the hypothesis 
of matter being the first and only principle, to the 
exclusion of all spiritual substanees. Their fol- 
lowers in infidelity, in modern times, have done 
the same: nor, indeed, is there any other supposi- 
tion, weak as it is, on which the system of atheism 
can be raised.“ | 1 
That the absurdities of a doctrine, which ba- 
nished all wise designs and final causes from the 
creation and government of the world, might not, 
by unsupported assertions, shock the common sense 
of mankind, the authors and abettors of this impious 
scheme employed their invention to form theories to 


account for effects without causes, or, at least, with- 
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out adequate causes; as by maintaining the eternity 
of the world in its present form; or advancing, 
at least, an eternity of atoms, which, by the direc- 
tion of chance, and a lucky jumble, formed them 
selves into the present onledly system.“ 8 

« But as they were equally puzzled to account 
for life, consciousness, and intellect, upon their 
corpuscular plan, they found themselves under the 
necessity of ascribing to matter, under particular 
modifications, certain active powers, which are ab- 
solutely inconsistent with its known essential pro- 
perties, affirming the soul to be nothing more than 
a mere refined and delicate configuration of atoms, 
and the mental operations to proceed from the me- 
chanical motions of rarefied matter: thus making 
the principles of life and understanding to be only 
the modes of that which has nothing vital or intel- 
ligent in it, and thus ascribing more to the effect than 
1s in the cause to give. These complicated absur- 
dities have been so thoroughly detected and con- 
futed, that atheism, as a system, scarce lifts up its 
head, but hides itself under false colours. It does 
not now present itself as the open, but as the whited 
sepulchre; does not professedly declare war against 
the majesty and existence of Almighty God, but slily 
endeavours to undermine his attributes, and by false 
reasoning to invalidate the proofs of the immortality 
of the soul.“ j 

Some philosophers among the ancients, as well 
as among the moderns, imagined that man was no- 
thing but mere matter; but matter so curiously or- 
ganized, that the impression of external objects 
produces in it sensation, perception, remembrance, 
and all other mental operations. This foolish opi- 
nion could have no other origin than the constant 
connection the Author of nature hath established 
between certain impressions made upon our senses, 
and our perception of the objects by which the im- 
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pression is made; from which they weakly inferred, 
that thosc impressions were the proper efficient 
causes of the corresponding perception.* 

But no reasoning can be more fallacious than this; 
that because two things are always conjoined, one 
must be the cause of the other. Day and night have 
been joined in a constant succession since the be- 
ginning of the world: but who is so foolish as to 
conclude from this, that day is. the cause of night, 
or night the cause of the following day? There is, 
indecd, nothing more ridiculous than to imagine, 
that any motion or modification of matter should 
produce thought, and render it capable of sensation 
and knowledge. For those things, which are infe- 
_ rior and secondary, can by no means be the prin- 
cipal or causes of the more excellent. | 

If any one should relate of a telescope, so exactly 


made as to have the power of seeing; of a whisper- 


ing-gallery, that had the power of hearing; of a ca- 
binet so nicely framed as to have the power of memo- 
ry; or of a machine so delicate as to feel pain when 
it was touched; the relation would be so absurd, 
and so shocking to common sense, that it would 
not find belief even among savages. Yet it is the 
same absurdity to think, that the impressions of ex- 
ternal objects upon the machine of our bodies, can 
be the real efficient cause of thought and perception. 
The most perfect organization is but a perfect ar- 
rangement of material elements, and gives but a 
new extrinsic relation of parts to parts, and can 
never give capacities which did not before exist. 
Nay, the very materialist himself, with all his 
boasted attachment to matter, is forced to have re- 
course to powers which are as different from the 
common capacities of body, as the sentient substance 
of the immaterialist is from the material element. 


„ See Reid on the Intellectual Powers of Man; p- 34. 
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Even the man of matter, when speaking of resist- 
ance in bodies, says, © that resistance is in most 
cases caused by something of a quite different nature 
from any thing material.” * 5 

It is no wonder that philosophers, whose ideas of 
mind and being are only derived from body and sen- 
sation, should be thus inconsistent; for they have a 
short method of explaining away the nature - of 
truth. They reduce it to mere opinion, and con- 
sider it as a factitious thing which every man makes 
for himself; which comes and goes just as it is re- 
membered or forgot; which, in the order of things, 
makes its appearance the last of any, being not only 


subsequent to sensible objects, but even to our sen- 


sations of them. | 

But there are other reasoners, who have had dif- 
ferent notions; who represent truth not as the last, 
but the first of beings; who call it immutable, eter- 
nal, omnipresent. To these it must appear some- 
what strange, how men should imagine, that a crude 
account of the method how they perceive truth, was 
to pass for an account of truth itself: as if to describe 
the road to London, could be called a description of 
that metropolis. 

You are better learned than to consider truth as 
opinion: you know that it shines with unchange- 
able splendor, enlightening throughout the universe 
every possible subject susceptible of its benign in- 
fluence. Passions, and other objects, may prevent 
indeed its efficacy, as clouds and vapours may ob- 
scure the sun; but itself neither admits diminution 
nor change, because the darkness only respects 
particular percipients. Among these, therefore, you 
must look for ignorance and error, and for that sub- 


* For a confutation of materialism, see Berrington's Letters on 
ialsm—Lamaterialism Delineated—and Harris's Hermes. 
82 
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ordination of intelligence which is their natural 
Reer . 

From all these considerations, you will, I hope, 
be persuaded to flee from materialism as from the 
plague. It is an opinion that is inimical to virtue, 
that darkens the prospects of futurity, unbinds the 
reins to vice, and is destructive of all true religion. 

Having given you an account of the general theory 
of reflex ion and refraction of light, I shall now pro- 
ceed to the theory of vision. The subject is not only 
curious and entertaining in itself, but without it 
there is no accounting for several optical phenomena, 
or even understanding the theory of optical instru- 
ments, and the manner by which they extend 80 
prodigiously the natural boundaries of vision. It is 
also presumed, that it can be no unpleasing specu- 
lation to obtain an idea of the secret mechanism by 
which the eye communicates 80 many diversified 
and animated perceptions to the soul, and by which 
we are enabled to discover, with so much ease and 
rapidity, every surrounding object. 

In the structure of the eye you will find the most 
evident manifestations of exquisite art and design, 
every part elegantly framed, nicely adjusted, and 
commodiously placed, to answer in the most perfect 
manner every possible good purpose, and thus evince, 
that it is the work of unerring wisdom, prompted to 
action by infinite love. 

So manifold are the blessings we derive from this 
organ, that the mind of man seems almost inadequate 
to the conception, and his pen to the description of 


them. While it forms our ideas of magnitude and 


istance, it annihilates space, by placing the nearest 


and most distant objects close together. To it we 


are indebted for the delightful sensations that arise 
from the proportion and variety of forms, the har- 


monious mixture of colours, and the graces of 
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—_—_ It enables us to seek, to see, and to choose 
dod; to go here and chere, as the oalls of 
ſiendship, or . occasions of business require; to 
traverse the ocean, ransack the bowels of the earth, 
visit distant regions, acrumulate wealth, and mul- 

tiply knowledge. Assisted by it, we beeome ac- 
quainted with the works of the Creator, and can trace 
his wisdom, his power, and his goodness in the tex- 
ture of plants, the mechanism of quads, and es 


glories of the heavens. © 


The value of this sense is Win * we 
consider the miseries attendant on the want of it; 
for among the numerous evils that afflict the human 
race, there is none more justly dreaded, nor more 
deeply deplored, than a deprivation of sight. It is 
to have one of the chief inlets of happiness cut off, 
to be shut up in perpetual darkness, to labour under 
ten thousand inconveniences, and to be exposed to 
continual' dangers. How poignantly this loss was 
felt by our _ poet is painfully evident from: his 
oe words: 


4 With the year | 

Seagons return; but not to me returns 0 31 Sly 
Day, or the sweet approach of ev'n or morn, 

Or sight of vernal bloom, or summer's rose, 

Or flocks, or herds, or human face divine; 

But cloud instead, and ever - during dark £135.00) 3 
Surrounds me, from the cheerful rays of men a 
Cut off, and for the book of knowledge ſair, | 
Presented with an universal blank atm 
Of Nature's works, to me expung d and raz d, 
And wisdom at one entrance quite shut out. 
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A SHORT DESCRIPTION ov THE Tong 


In deseribing the eye, it is natural to Wan 
first, the external parts, then the internal, or those 
which are more immediately subservient to the guys 
poses of vision. 

The eye, as is well known, is gituated who the 
forehead; it is placed in a bony cavity, called the 
orbit; the form 1s globular, it is composed of several 
coats and humours, and furnished with vessels pro- 
perly adapted to its various functions. 

The consists of several coats or teguments, 
which form a ball perfectly globular except on 
the fore part, which is a little more protuberant 
than the rest. Within this ball are included three 
different liquids or 5 egg called 
humours. 

The orbit of the eye is of a conical aha; but 
rather irregular in its dimensions; it is composed of 
seven bones, and lined with fat, which forms a soft 
bed for the eye to rest on, and facilitates its various 
motions. A considerable part of the bottom of the 

orbit is open for the admission and transmission of 
the nerves, veins, and arteries. 


Those prominent arches of hair, which we term 


the eyebrows, defend the eyes from the light when it 
is too strong, and t their being ineommoded 
by any substances that might slide down the fore- 
head, and thence fall into the eyes. That the cye- 
brows may be mote effectually useful, and form a 
perfect screen, they are furnisbed with muscles to 
draw them down, and corrugate them; and when 
we are walking in a dusty road, or when we are ex- 
Poe We: ay light, we pull down the ehe- 


„What CS on this subject is extracted from my © Essay on 


Vision.“ 
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brows, and thereby shade the eye from the glare, and 
protect it from the dust. We may gather from henee, 
that those shades which encompass the forchead, and 
that project about three inches from it, are properly 
adapted to guard weak eyes from every offensive glare 


of light. 

The Prominen cy of the eyebrows gives a character 
to the face; and 2 Le Brun, in 15 directions to 
a painter, with regard to the passions, places in them 
the principal force of expression. The eyebrows 
form a deep shade on the canvas, which relieves the 
other colours and features. A depression of the 
eyebrow is an indication of concern and grief; whilst 


an elevation thereof shews that the mind is either af- 


fected with joy, or enjoying the serene delights of 
tranquillity. 15 

The eyelids, like two substantial curtains, protect 
and cover the eyes while we sleep; when we are 
awake, they diffuse, by their motion, a fluid over the 
eye, which cleans and polishes it, and thus renders it 
fitter for transmitting the rays of light. 

Each eye is furnished with two-lids, the one su- 
perior, the other inferior, joining at the two extre- 
mities, which are called canthi, or angles. Both 
eyelids are lined with a membrane, which also infolds 
as much of the globe of the eye as is called. the 
white, and it prevents any dust, or other extra- 


neous particles, from getting behind the eye into 


the orbit. 


That the eyelids may shut with greater exactness, 
and not fall into wrinkles when they are elevated or 
depressed, each edge is stiffened by a cartilaginous - 
arch. The eyelashes, like two pallisades of short 
hair, proceed from these cartilaginous edges, warn- 
ing the eye of danger, protecting it from straggling 
motes, and warding off the wandering fly. They 


also intercept many rays proceeding from objects that, 
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are above the axis of vision, and thereby render the 
images of other objects more distinct and lively: 
for, as in the camera obscura, the image is always 
brightest when no rays are allowed to enter, but those 
which form the picture, 'The eyelashes contribute 
their share in giving beauty to the face, to soften the 
outlines of the eyelids,” and throw a mildness on the 
features. et 8 ; 

Both the eyelids are moveable; but the upper one 
mostly so, the lower one moving but little, being 
rather obsequious to the motions of the adjacent 
parts, than moved by any particular ſorces of its 
own. The hairs of the eyelashes grow only to a 
certain length, and never need cutting: the points 
of the superior one are bent upwards, those of the 
lower eyelash downwards. Thus, whenever we can 
trace things to their final cause, we find them always 
marked with design, and can find no circumstance 
so minute, as to escape the attention of the Supreme 
Being. | 42 

9. what has been said, we may perceive why 
the sight of those, whose eyelashes are black, is, in 
general, much stronger than those who have them 
fair or white; the black eyelashes are a better shade 
for the eye, and reflect no light from their inner 
side, to weaken and efface the picture on the retina. 
Montaltus gives an account of a young man, whose 
eyelashes and eyebrows were of an intense white, 
and his sight obscure during the day, but clear at 
night. This person was taken prisoner by the 
Moors, who dyed his eyelashes black, by which his 
sight was much strengthened: in course of time the 
dye was washed off, and his sight became weak 
again. Dr. Russell, in his natural history of Aleppo, 
says, that it is the custom among the Turkish wo- 
men to black the inside of their eyelids, not only as 
an ornament, but as a means of strengthening the 
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Sight. When the eyelashes are lost, a symptom 


which frequently follows a malignant small- pox, the 


sight is always considerably impaired. , * 

By shutting the eyelids partially, we can exelude 
as much light as we please, and thus further defend 
the eyes from too. strong a light, which every one's 


experience proves to be as injurious to them as more 


gross matter. Numerous are the melancholy in- 


stances on record, which confirm this truth: Zeno- 
2 relates, that many of his troops were blinded 
y the strong reflexion from the snow over which 
they were obliged to march. Dionysius, the tyrant 
of Sicily, among other means which he used to gra- 
tify his revenge, and satiate the cruelty of his tem- 
per, was accustomed to bring forth his miserable 
captives from the deep recesses of the darkest dun- 
geons, into white and well-lighted rooms, that he 
might blind them by the sudden transition from one 
extreme to the other. Actuated by principles equally 
cruel, the Carthaginians cut off the eyelids of Re- 
lus, and then exposed him to the bright rays of the 
sun, by which he was very soon blinded, 

These facts make it clear that a protuberant eye 
is not so well calculated for vision, as one that is 
deep sunk in the head: neither extreme is indeed 
desirable; yet undoubtedly, of the two, that which 
is deep set is preferable, as affording the clearest 
sight, and being the least liable to injuries from ex- 
ternal accidents. 8 

Those animals which have hard crustaceous eyes, 
as the lobster, crab, &c. have no eyelids; whereas 
most brute animals have an additional one, called 
the nictitating membrane, which they draw over 
their eyes like a curtain, to wipe off whatever incom- 
modes them. 2 

The velocity with which the eyelids move is so 

reat, that it does not in the least impede the sight. 
bis curious circumstance may be illustrated by the 
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well-known phenomenon of a burning coal 1,3 typi 
like a ring of fire, when whirled round about witt 
rapidity, in the circumference of a circle. Now, 
it is highly probable, that the sensation of the coal, 
in the several places of the circle, remains on the 
mind until it returns again to the same place. If, 
therefore, our eyelids take no longer time to pass 
and repass upon our eyes, than what the coal of fire 
takes to £0 round, the impression made by any ob- 
ject on the eye will suffer no sensible interruption 
from this motion. 

To prevent the eyelids adhering together, they are 
supplied with a row of sebaceous glandules, which 
discharge a soft liniment, that mixes with, and is 
washed off with the tears. 

The lachrymal gland is placed in the upper and 
outer part of the orbit. It is designed to furnish at 
all times water enough to keep the outer surface of 
the eye moist, and thus give the cornea a greater de- 
gree of pellueidity. In order that this liquor may be 
rightly disposed of, we frequently close the eyelids 
without being conscious of it. | 

At the inner corner of the eye, between the eye- 
lids, stands a caruncle, whose office seems to be to 
keep that corner of the eye from being totally 
closed; so that any tears, &c. may flow from under 
the eyelids, when we sleep, into the puncta lachry- 
malia, which are little holes, one in each eyelid, 
near the corner, for carrying into the nose any su- 
perfluous tears. ad: 

The eye is furnished with six muscles, which 
spread their tendons far over the eye; by these it 
can be moved upwards and downwards to either 
side, and in every intermediate direction, and thus 
view. surrounding objects without moving the head. 
To facilitate these motions, a great quantity of 
loose fat is placed all round the globe of the eye, 
between it and the orbit. Four of the muscles arg 
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straight, and two oblique; of the four straight 


muscles, two are situated vertically opposite one an- 
other, and the other two horizontally. Each of the 
six has a proper name, according to its situation 
and office. I cannot pass over the muscles, without 
taking notice of a striking instance of design in the 
wise disposition of the parts. It is sometimes neces- 

to have an oblique motion of the eye, towards 
the nose, and there being no room on that side for 


muscles, a small bone is placed on the side of the 


nose, with a hole in it, to serve as a pulley, through 
which the tendon of a muscle passes to a conve- 
nient insertion, and thereby such an oblique motion 
is given to the eye, as would otherwise have been 
impossible. 

The eyes are placed in the most eminent part 
of the body, near the brain, the seat of sensation. 
From their elevated situation, our prospect is en- 
larged, and the number of objects taken in at one 
view, inereased; we command an ample horizon on 
earth, and a glorious hemisphere of the heavens. 

Every part of the human frame affords indis- 
putable proofs of the wisdom and beneficence of its 
Creator, because all are adapted to answer in the 
best manner the end for which they were formed. 
Thus the globular figure of the eye is the most com- 
modious we can form any idea of, the best adapted 
for facilitating the various motions of the eye, for 
containing the humours within, and receiving the 
images from without. 

Many are the advantages that are derived from 
our having two eyes, some that are known, others 
that are unknown; for the correspondence of the 
double parts in the human frame, and their relation 
to the two great faculties of the human mind, has 
not been sufficiently attended to by anatomists. 
By having two eyes, the sight is rendered stronger, 
and the vision more perfect; for as each eye looks 
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upon the same object, a more forcible impression 


is made, and a livelier eee formed by the 


mind, 


The eyes together view an object in a different 
situation from what either of ' them apart would 
do, and enable us to perceive small distances accu- 
rately. Hence we find, that those who have lost 
the sight of one eye, are apt to make mistakes in 
the distances of objects, even within arm's length, 
that are easily avoided by those who see with both 
eyes. Such mistakes are principally seen in snuffing 
a candle, threading a needle, or in filling a tea- 
cup. This aptness to misjudge distances and situa- 
tions is, however, gradually diminisbed by time and 
practice. 

When an object i is placed at a moderate Funde 
we see more of it by means of the two eyes, than 
we possibly could with one; the right eye seeing 
more of the right side, and the left eye more of its 
corresponding side. Thus by both eyes we see in 
some measure round an object: and it is this which 
assists in giving that bold relievo, which we see in 
nature, and which no painting, how exquisite so- 
ever, can attain to. The painter must be con- 
tented with shading on a flat surface; but the eyes 
in observing natural objects, perceive not only the 
shading, but a part of the figure that lies behind 
those very sbadings. The perception we have of 
distance with one eye, as was just now observed, is 


more uncertain, and more liable to deception, than 


that which we have by both; therefore, it the sbad- 
ing and relief be executed in the best manner, the 
picture may have almost the same appearance to 
one eye as the objects themselves would have, but 
it caunot have the same appearance to both. This 
is not the fault of the artist, but an imperfection in 
the art. To remove these defects, the connoisseurs 
in painting look at a picture with one eye through 
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a tube, which excludes the view of all other ob- 
jects. If the aperture in the tube next the eye be 
small, we have no means left to judge of the distance 
but the light and colour, which are in the painter's 

wer.“ | | 

An object seen with both eyes, appears a little 
brighter, or more luminous, than it does when seen . 
with one alone, as will be evident by looking alter- 
nately with both eyes and with one only: and the 
difference of brightness will be still more manifest, 
if at the same time that a part of a flat object, of 
an uniform colour, is seen with both eyes, the light 
from the adjacent part is excluded from one of them; 
which may be done by applying a book to one side 
of the head, so that it may reach a little forwarder 
than the face. But although the difference of 
brightness, in the two cases, is very perceptible, 
yet it is not very considerable, nor is it easy to de- 
termine it accurately. Dr. Jurin, by a variety of ex- 
periments, concluded, that an object seen with both 
eyes, appeared only one thirteenth part brighter, 
than when seen with one alone. 

Our eyes have an uniform or parallel motion, by 
which, when one is turned to the right or left, up- 
wards or downwards, or straight forwards, the other 
always goes along with it in the same direction. 
When both. eyes are open, we find them always 


turned the same way, as if both were acted upon by 


the same motive force. This phenomenon is the 
more singular, as the muscles which move the two 
eyes, and the nerves which serve the muscles, are 
entirely distinct and unconnected. 

To account for and explain the cause of this mo- 
tion, has puzzled the philosopher and embarrassed 
the anatomist: that it originates from the grand 
moving principle, or generating cause within us, 
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the mind, there can be little doubt; but how the 


mind operates, to produce this effect, we are alto- 
gether ignorant. Some effectual purposes are no 
doubt answered by this motion, for nothing is cre- 
ated in vain. One is supposed to be that of seeing 
objects single that are viewed with both eyes; for 
there are two pictures formed of every object, one in 
each eye, Hence, if any of the muscles of one eye, 
either from spasm, paralysis, or any other cause, is 
restrained from following the motion of the other, 
every object will be seen double. The same effect 
is produced, if, while we are looking at any object, 
we alter the direction of one of our eyes, by pressing 
it aside by the finger; an experiment frequently 
made by children, who are generally delighted with 
any uncommon appearance. 

Whatever may be the cause, the fact is certain, 
that the object is not multiplied as well as the organ, 
and appears but one, though seen with two eyes: 
another instance of the skill of the contriver of this 
noble organ, and the exquisite art he employed in the 
formation of it. 

Having considered the principal external parts of 
the eye, and shewn that they arc framed to protect 
this delicate organ, with a care strictly proportioned 
to its curious texture, and extensive usefulness; that 
it is fortified with strong bones, lodged in a deep re- 
ceptacle, and guarded with a moveable cover; we 
now proceed to treat of the internal parts, or those 
which constitute the globe of the eye. 


0 OF THE GLOBE OF THE EYE. 


If the construction of the universe were not $0 


evident a proof of the existence of a supremely wise 


and beneyolent Creator, as to render particular 
arguments unnecessary, the structure of the eye 
might be offered as one, by no means the least; this 


ins 
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he instance, among numberless others, demonstrating 
O- that the best performances of art are infinitely short 
o of those which are continually produced by the Di- 
e- vine Mechanic. 
Ig The globe of the eye, or the organ of sight, may 
oy be defined in general as a kind of case consisting of 
n several coats, containing three pellucid humours, 
e, which are so adjusted, that the rays proceeding from 


luminous objects, and admitted at a hole in the fore 
part of the eye, are brought to a focus on the back 
part of it, where they fall upon a soft pulpy sub- 
stance, from whence the mind receives its intelligence 
of visible objects. 

It is not to be expected, that any account given 
of the eye can be altogether accurate; for as it is 
impossible to examine all the parts of the eye whilst 
in a natural and living state, so it is also nearly im- 
possible, when it is taken out of its socket, to pre- 
serve the figure of the parts entire; a circumstance 
which accounts for the disagreement we find among 
anatomists. 


OF THE COATS OF THE ET E. 


The eye is composed externally of three coats 
or teguments, one covering the other, and forming 
a ball perfectly globular, except at the fore part, 
which is a little more protuberant than the rest; 
within this ball are three different substances, called 
humours. | 

The first, or outer coat, is called the sclerotica; 
the second, or middle one, is called the choroides; 
the interior one is named the retina. 

Sclerotica. Cornea, The exterior membrane, 
which incloses and covers the whole eye, is called 
sclerotica and cornea: it is, however, strictly speak- 
ing, but one and the same membrane, with dif- 
terent names appropriated to different parts; the 
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hinder and opake part being more generally deno- 
minated the sclerotica, the fore and transparent part 


the cornea. ; 


The sclerotica is hard, elastic, of a white colour, 
resembling a kind of parchment; the hinder part is 
very thick and opake, but it grows gradually thinner 
at it advances towards the part where the white of 
the eye terminates. The fore part 1s thinner and 
transparent; it is also more protuberant and convex 
than the rest of the eye, appearing like a segment 
of a small sphere applied to a larger, and is called 
_ cornea from its transparency. The cornea is thick, 
strong, and insensible; its transparency is necessary 
for the free admission of the light. This membrane 
is composed of several plates, laid one over the other, 
replenished with a clear water, and pellucid vessels; 
these plates are more evidently distinct in the fore 
than the hinder part. The sclerotica is embraced on 
its outside by six muscles, by which the eye may be 
moved in any direction. 9 f 

Choroides. Uvea. Iris. Under the sclerotica is a 
membrane, known by the name of the choroides; it 
is a soft and tender coat composed of innumerable 
vessels; it is concentric to the sclerotica, and ad- 
| heres closely to it by a cellular substance, and many 

vessels. This membrane is outwardly 8 %s brown 
colour, but inwardly of a more russet brown, almost 
black. Like the sclerotica, it is distinguished by 
two different names, the fore part being called the 
uyea, while the hinder part retains the name of the 
choroides. 

The fore part commences at the place where the 
cornea begins: it here attaches itself more strongly 


to the sclerotica by a cellular substance, forming a 


kind of white narrow circular rim: the choroides 


Separates at this place from the sclerotica, changes 


its direction, turning, or rather folding, directly 
inwards, towards the axis of the eye, cutting the 


in 
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eye as it were transversely: in the middle of this 
part is a round hole, called the pupil, or sight of 
the eye: the pupil is not exactly in the middle of 
the iris; that is to say, the centers of the pupil and 
iris do not coincide, the former being a little nearer 
the nose than the latter. 

This part, when it has changed its direction, is 
no longer called the choroides; but the anterior sur- 
face, which is of different colours, in different sub- 
jects, is called the iris; the posterior surface is called 
the uvea, from the black colour with which it is 
painted. The iris has a smooth velvet-like appear- 
ance, and seems to consist of small filaments regu- 
larly disposed, and directed towards the center of 
the pupil. 

The eye is denominated blue, black, &c. accord- 
ing to the colour of the iris. The more general 
colours are the hazel and the blue, and very often 
both these colours are found in the same eye. It has 
been observed, that in general those, whose hair and 
complexion are light- coloured, have the iris blue or 
grey; and on the contrary, those, whose hair and 
complexion are dark, have the iris of a deep brown: 
whether this occasions any difference in the sense 
of vision, is not discoverable. Those eyes which 
are called black, when narrowly.inspected, are only 
of a dark hazel colour, appearing black, because 
they are contrasted with the white of the eye. 
** The black and blue are the most beautiful colours, 
and give most fire and vivacity of” expression to 
the eye. In black eyes there is more force and 
impetuosity; but the blue excell in sweetness and 
delicacy.” 

The pupil of the eye has no determinate size, 

eing greater or smaller, according to the quantity 
of light that falls upon the eye. When the light is 
strong, or the visual object too luminous, we con- 


tract the pupil, in order to intercept à part of the 
Vor. II. T 
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light, which would otherwise hurt or dazzle our 
eyes; but when the light is weak, we enlarge the 
pupil, that a greater quantity may enter the eye, 
and thus make a stronger impression upon it. This 
aperture dilates also for viewing distant objects, and 
becomes narrower for such as are near. The con- 
traction of the pupil is a state of violence, effected 
by an exertion of the will: the dilatation is a remis- 
sion of power, or rather an intermission of volition.* 
The latitude of contraction and dilatation of the 
pupil is very considerable; and it is very admirable, 
that while the pupil changes its magnitude it pre- 
serves its figure. 

Anatomists are not eed, whether the iris be 
composed of two sets of fibres, the orbicular and 
radial, or of either. Haller says, he could never dis- 
cover the orbicular fibres, even with a microscope; 
the radial seem visible to the naked eye, and are suf- 
ficient to answer all the purposes required in the mo- 
tion of the iris: when the pupil is contracted the 
radial fibres are straight, when it is dilated they are 
drawn into serpentine folds. 

In children this aperture is more dilated than 
in grown persons. In elderly people it is still 
smaller than in adults, and has but little motion; 
hence it is, that those who begin to want spectacles 
are obliged to hold the candle between the eye and 
the paper they read, that the strong light of the 
candle may force their rigid pupils into such a state 
of contraction, as will enable them to see dis- 
tinctly. Those who are short-sighted, have the 
pupils of their eyes, in general, very large; whereas 


* Anatomists observe, that in animals of prey, both beasts and 
birds, the pupil is round as in man, which fits them to see every 
way; but in large animals, which feed on grass, the pupil is ob- 
long horizontally, for taking in a large circular space of ground: 
the pupil in animals of the cat kind, which climb trees, and want 
io look upwards and downwards, is oblong vertically. 
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in those whose eyes are perfect, or long-sighted, they 


are smaller. 

The whole of the choroides is opake, by which 
means no light is allowed to enter into the eye, but 
what passes through the pupil. To render this opa- 
city more perfect, and the chamber of the eye still 
darker, the posterior surface of this membrane is co- 
vered all over with a black mucus, called the pig- 
mentum nigrum. This pigment is thinnest upon 
the concave side of the choroides, near the retina, 
and on the fore side of 'the iris; but is thickest on 
the exterior side of the choroides, and the inner 
side of the uvea. 

The circular edge of the choroides, at that part 
where it folds inwards to form the uvea, seems to be 
of a different substance from the rest of the mem- 
brane, being much harder, more 'dense, and of a 
white colour; it has been called by some writers the 
ciliary circle, because the ligamentum ciliare, of 
which we shall soon speak, arises from it. 

Retina. The third and last membrane of the eye 
is called the retina, because it is spread like a net 
over the bottom of the eye; others derive the name 
from the resemblance of the net, which the gladiators 
called retiarii, employed to entangle their anta- 
gonists. It is the thinnest and least solid of the 
three coats, a fine expansion of the medullary part 
of the optic nerve. The convex side of it lines the 
choroides, the concave side covers the surface of 
the vitreous humour, terminating where the cho- 


roides folds inwards. It is an essential organ of 


vision; on it the images of objects are represented, 
and their picture formed. This membrane appears 
to be black in infants, not so black at the age of 
twenty, of a greyish colour about the thirtieth year, 
and in very old age almost white. The retina, how- 
ever, is always transparent and colourless: any appa- 
rent changes, therefore, of its colour must depend 
.T 3 
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upon alterations of the pigmentum, which is scen 
through it. ON IgE 

Optic Nerve. Behind all the coats is situated the 
optic nerve, which passes out of the scull, through 
a small hole in the bottom of the orbit which con- 
tains the eye. It enters the orbit a little inflected, 
of a figure somewhat round, but compressed, and 
1s inserted into the globe of the eye, not in the 
middle, but a little higher and nearer to the nose; 
an artery runs through the optic nerve, goes 
straight through the vitreous humour, and spreads 
itself on the membrane that covers the back part of 
the crystalline. 

M. Mariotte has demonstrated, that our eyes are 
insensible at the place where the optic nerve enters; 
it, therefore, this nerve had been situated in the 
axis of the eye itself, then the middle part of every 
object would have been invisible, and where all 
things contribute to make us see best, we should 
not have seen at all; but it is wisely placed by the 
Divine Artist for this and other advantageous pur- 
poses, not in the middle, but, as we have already ob- 
served, a little higher and nearer to the nose. 


OF THE HUMOURS OF THE EXE. 


The coats of the eye, which invest and support 


each other, after the manner of an onion, or other 


bulbous root, include its humours, by which name 


are understood three substances, the one a solid, 


the second a soft body, and the third truly a li- 


quor. These substances are of such forms and trans- 


Parency, as not only to transmit readily the rays of 
ight, but also to give them the position best 


adapted for the purposes of vision. They are clear 
like water, and do not tinge the object with any par- 
ticular colour. | RI 
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Aqueous Humour, The most fluid of the three 
humours is called the aqueous one, filling the great 
interstice between the cornea and the pupil, and 


also the small space extending from the uvea to the 


crystalline lens; it is thin and clear like water, though 
somewhat more spirituous and viscous; its quantity 
is so considerable, that it swells out the fore part of 
the eye into a protuberance very favourable to vision. 
The uvea swims in this fluid. It covers the fore 
part of the crystalline; that part of this humour, 
which lies before the uvea, communicates with that 
which is behind, by the hole which forms the pupil 


of the eye. It is ineluded in a membrane, so tender, 


that it cannot be made visible, nor preserved, with- 
out the most concentrated lixivial fluid. 

It has not been clearly ascertained whence this 
humour is derived; but its source must be plentiful; 
for if the coat containing it be so wounded that all 
the humour runs out, and the eye be kept closed 
for a season, the wound will heal, and the fluid be 
recruited. | 

The colour and consistence of this humour alters. 
with age; it becomes thicker, cloudy, and less trans- 
parent, as we advance in years; which is one reason, 
among others, why many elderly people do not reap | 
all that benefit from spectacles which they might na- 
turally expect. | 

Catall „ The second humour of the eye is 
the crystalline, which is as transparent as the purest 
crystal; and though less in quantity than the aqueous 
humour, yet it is of equal weight, being of a more 
dense = solid nature; in consistency it is some- 
what like a hard jelly, growing softer from the 
middle outwards. Its form is that of a double con- 
vex lens, of unequal convexyies, the most convex 
part being received into an equal concavity in the 
vitreous humour, Db | 
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The crystalline is contained in a kind of case, or 
capsule, the fore part of which is very thick and 
elastic, the hinder part is thinner and soſter. This 
capsule is suspended in its place by a muscle called 
2 ciliare, which, together with the crys. 
talline, divides the globe of the eye into two une- 
qual portions; the first and smaller one contains the 
aqueous humour, the hinder and larger part the vi- 
treous humour. The crystalline has no visible com- 
munication with its capsule, for as soon as this is 
opened, the humour within readily slips out; - it is 
supposed by some, that a small quantity of water is 
effused about it. 

The crystalline is placed so, that its axis corre- 
sponds with that of the pupil, and, consequently, it 
is not exactly in a vertical plane, dividing the eye 
into two equal parts, but somewhat nearer the nose. 
It is formed of concentric plates or scales, sueceed- 
ing each other, and these scales are formed of fibres 
elegantly figured, and wound up in a stupendous 
manner; these are connected by cellular fibres, 80 
as to form a tender cellular texture. Between these 
scales is a pellucid liquor, which in old age becomes 
of a yellow colour. The innermost scales lie closer 
together, and form at last a sort of nucleus, harder 
than the rest of the lens. Leeuwenhoeck has com- 
puted, that there are near two thousand laminæ, 
or scales, in one crystalline, and that cach of these 


is made up of a single fibre, or fine thread, directing 


into several courses, and meeting in as many centers, 
and yet not interfering, or crossing each other. 

The yellow colour, wherewith the crystalline is more 
and more tinged as we advance in years, must make 


all objects appear more and more tinged with that 


colour: nor does our being insensible of any change 
in the colour of objects, prove to us, that their co- 
lour continues the same; for, in order that we should 
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be sensible of this change, the tincture must not only 
be considerable, but it must happen on a sudden, 
as will be more fully explained hereafter. In the ca- 
taract it is opake; the seat of this disorder is in the 
crystalline lens. 

Vitreous Humour. The vitreous is the third hu- 
mour of the eye; it receives its name from its ap- 

arance, which is like that of melted glass. It is 
neither so hard as the crystalline, nor so liquid as the 
aqueous humour; it fills the greatest part of the eye, 
extending from the insertion of the optic nerve to 
the crystalline humour. It supports the retina, and 
keeps it at a proper distance for receiving and form- 
ing distinct images of objects. 

The vitreous humour is contained in a very thin 
pellucid membrane, and concave at its fore part, 
to receive the crystalline; at this place its mem- 
brane divides into two, the one covering the cavity 
in which the crystalline lies, the other passing above, 
and covering the fore part of the crystalline, thus 
forming a kind of sheath for the er- The 
fabric of the vitreous humour is cellular, the sub- 


stance of it being divided by a very fine transparent 


membrane into cellules, or little membranous com- 
partments, containing a very transparent liquor. 
Ligamentum Ciliare. There is still one part to be 


| described, which, though very delicate and small, is 


of great importance; it is called the ligamentum 
ciliare, because it is composed of small filaments, or 
fibres, not unlike the cilia, or eyelashes; these fibres 
arise from the inside of the choroides, all round the 
circular edge, where it joins the uvea; from whence 
they run upon the fore part of the vitreous humour, 
at that place where it divides to cover the crystal- 
line; those fibres are at some distance from one 
another, but the interstices are filled up with a dark- 
coloured mucus, giving it the appearance of a black 
membrane, | 


about twice the diameter of the human 2 
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OF THE FIGURE REPRESENTING THE EXE. 


Plate 3, fg. 10, represents a section of the eye 
through the middle, by an horizontal plane passing 
through both eyes; the diameter of the figure is 


The outermost coat, which is called sclerotica, 
is represented by the space between the two exterior 
circles BFB; the more globular part, adjoining 
to the sclerotica at the points B B, represented by 


the space between the two circles at BAB, is the 


cornea. 

'The next coat under the sclerotica is a mem- 
brane of less firmness, represented by the two inner- 
most circles of B F B, and called the choroides. 

Adjoining to the choroides, at B B, is a flat mem- 
brane, called the uvea, aa is the pupil, being a 
small hole in the uvea, a little nearer the nose than 
the middle. 

V, the optic nerve; the fibres of this nerve, after 

their entrance into the eye, spread themselves within 
over the choroides, forming a thin membrane, called 
the retina, and 1s represented in the figure by the 
thick shade contiguous to the circle B F B. 
EE is the crystalline humour; it is suspended by 
a muscle B bb B, called the ligamentum ciliare. 
This muscle arises behind the uvea at BB; where the 
sclerotica and cornea join together at b b, it enters 
the capsula, and thence spreads over a great part of 
its anterior surface. 

The aqueous humour occupies the space 
BAB b Cb. be 

The larger space Bb Db BF contains the vitreous 


humour. 


The foregoing description, I presume, will be 
found sufficient to give a general idea of the-con- 
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struction of this wonderful organ; for a fuller ac- 
count I must refer you to the writers on anatomy. 
The preceding explanations must shew to every 
reader with what art and wisdom the eye has been 
constructed, 


OF VISION, 


The representation of objects upon a sheet of 
paper, by means of a lens placed at a hole in the 
window-shutter, is exceedingly similar to what hap- 
pens to our eyes when we view objects. For vision, 
80 far as our eyes are concerned, consists in nothin 
but such a refraction of the rays of light by the 
transparent skins and humours of the eye, as will 
ſorm a distinct picture of the object upon the retina. 
For the structure of the eye plainly indicates, that 


in order to attain distinct vision, it is necessary that 


a certain quantity of rays from every visible point 
of an object should be united at the bottom of the 
eye, and that the points of union of the rays of the 
different pencils should be as distinct and separate as 
possible. 

The eye is admirably contrived for effecting these 
purposes: all the rays coming from any visible point 
of an object, that can enter the pupil, are united 
closely together upon the retina, and thereby make 
a much more powerful and stronger impression 
than a single ray alone could do; to answer this 
purpose, the retina is placed at a proper distance 
behind the refracting surfaces, and each pencil of 
rays is refracted orderly into distinct foci, that the 
whole object may be distinctly seen at the same in- 
stant. 

These effects are owing to the refraction of the 
rays of hght; for if these rays were not so re- 
fracted, very few of them would strike upon the 
least sensible point of the visionary nerve, and the 
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rays from different objects, or from different parts 
of the same objects, would strike at the same place 
at once, and thus create an indistinctness equal to 
blindness. EY 

When the light is weak or strong, the pupil is ac- 
cordingly enlarged or contracted, for the admission 
of more or fewer rays, that the impressions on the 
retina may be rendered suitable to the respective 
cases. 

As the crystalline humour is densest in the middle, 

it is highly probable that it is not equally refractive. 
This difference in density of the constituent parts of 
the crystalline is admirably contrived for correcting 
the aberration from its figure, as well as that from 
the cornea. The more remote rays of each pencil, 
by passing through a medium gradually diminishing 
in density from the middle towards the extremes, 
have their foci gradually lengthened, which correct 
the aberrations of the figure, that so they may unite 
nearer together. The concave figure of the retina is 
somewhat serviceable for the same purpose. 
It is by no means easy to determine with accuracy 
the measure of refraction of the different humours 
of the eye; from such experiments as could be 
made, it has been found that the refractive powers 
of the aqueous and vitreous humours are much the 
same with common water, and that of the crystalline 
a little greater. 

The cornea and aqueous humour being supposed 
to have the same refractive powers, all three may be 
considered as one dense medium, whose refractive 
surface is the cornea; and the erystalline humour 
may be considered as a conyex lens, placed in a 
given position within the same medium. Whence 
the humours of the eye altogether make a kind of 
compound lens, whose effect in refracting rays, 
having a given ſocus of incidence, is easily found 
by the laws of optics. | a 
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5 I have constructed three models to explain the 
action of the rays of light upon the eye. These 
b models are represented at plate 3, fig. 8 and 9, 


plate 4, fig. 10. The rays of light are here prepre- 
sented by silken strings of different colours; the 
globe of the eye, by a glass ball. Plate 3, fig. 8, is 
the natural perfect state of the eye. Plate 3, fig. 9, 
represents the rays falling short of the retina as in a 
short-sighted eye. Plate 4, Ag. 10, exhibits the ac- 
tion of the rays in a long-sighted eye. Let PAR, 
late 3, fig. 8, be an object; then the pencils of 
ight BPB, BAB, BRB, from the points PQR, - 
are first refracted by the cornea, so as to belong to 
foci behind the eye; then by the anterior surface of 
the crystalline humour, they are again refracted 
towards foci nearer to the eye than before; and 
Jastly, in going out of the crystalline into the vitre- 
ous humour, they are again refracted, so as to unite 
in the points, pqr. In like manner, the pencils of 
rays coming to the cornea from every physical point of 
the object PQR, are, by the different refracting sur- 
faces of the eye, brought orderly to unite upon the 
retina, and there form as it were an image, pqr, of 
the object, but in an inverted position; the upper 
part of the object being painted upon the lower part 
of the retina, the right side of the object upon the 
left of the retina, and so of other parts. Thus the 
cavity of the eye is a kind of camera obscura, the 
cornea and crystalline making a sort of compound 
lens, whose aperture is limited by the breadth, aa, 
Fig. 10, of the pupil. And that the parts of the eye are 
adapted to produce such an image may be proved by 
experiment: for, if the tunica sclerotica be taken 
away from the back of an eye newly taken out of the 
head of any animal, and this eye be placed in a hole 
made in the window-shutter of a darkened room, $0 
that the bottom of the eye be towards you, a beauti- 
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ful, but inverted picture of external objects will be 
Exhibited, painted in the most lively colours. 
If the humours of the eye, by age, or any other 
cause, shrink and decay, the cornea and crystalline 
ow flatter than before; and the rays not being 
sufficiently bent, arrive at the retina before they are 
united in their focus, and meet in some place behind 
it, see plate 4, fig. 10, and therefore form an imper- 
ſect picture at the bottom of the eye, and exhibit 
the object in a confused and indistinct manner, 
This defect, of which we shall treat more particu- 
larly hereafter, is remedied by spectacles with conyex 
glasses, which by increasing -the refraction of the 
rays of light, cause then to converge more, and thus 
. convene distinctly at the bottom of the eye. 
On the other hand, if the cornea _ crystalline 
be too convex, the rays unite before their arrival at 
the retina, see plate 3, fig. g, and the image thereon 
is of course indistinct. This defect, like the pre- 
ceding one, may be remedied by the use of glasses, 
though of a contrary figure; for here they must be 
concave, instead of convex: a lens of a proper con- 
cavity placed before the eye, will make the rays 
from the object diverge so much more than in their 
natural state, as will cause them to meet at the retina, 
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There are many experiments which prove the me- 
chanical effect of vision; but none of them render 
it 80 evident as with the eye of an animal above- 
mentioned: an eye of an ox newly killed shews it 
very clearly, and with very little trouble. 

The optical effects of vision may be very pleadingly 
and satisfactorily illustrated by the instrument whic 
is called an artificial eye, and which has been lately 
considerably improved by Mr. Sith. 5 
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The artificial eye is so constructed as not only to 
shew the optical effects of vision, but to give also a 
complete idea of its conformation. It is one of the 
most perfect and satisfactory instruments in a Phi- 
losophical apparatus. 

The part representing the globe of the eye, and 
containing the humours, is fixed in a socket where 
it may be moved in any direction. This socket is 
fixed to a screen to shade the eye, that the picture 
formed on the back part may be more distinct: the 
hole in the front of the screen is shaped and coloured 
80 as to exhibit nearly the form of our eye. | 

Take the eye in your hand and turn it towards 

— bright object, at a moderate distance, and you 

see a — beautiful, distinct, but inverted 
picture of the object before it, on the rough part of 
the glass representing the retina. | 

Unscrew the cover that confines the ball of the 
eye, and take it out that we may dissect it. The 
outermost coat represents the sclerotica, the more 
protuberant part is the cornea. 

This being removed, you find a eee lens 
representing the first chamber of the aqueous hu- 
mour ; under this is a flat piece of tortoiseshell, to 
represent the iris, with a hole in the middle for the 
pupil; this being removed, you find a plano-concave 
lens, forming the second chamber of the aqueous 
humour. Now take off the second coat, or the cho- 
roides, and you will find a small lens, whose sides 
are of unequal convexities, to represent the crystal- 
line humour; underneath this, is a large glass of the 
shape E DE V, plate 3, fg. 10, occupying the rest 
of the globular space, and answering to the vitreous 
humour. 

To represent the nature of vision in a long-eighted 
eye, I substitute a plano-convex lens for the first 

chamber of the aqueous humour, whose convexity 
is less than that we used before, Turn the eye in 
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this state towards a bright object, and you find the 


image thereof is very imperfect on the retina; but 
on applying a proper spectacle glass before the eye, 


obtain a perfect image. 


By substituting a more convex lens for the first 


chamber of the aqueous humour, we have a short- 
sighted eye, and an imperfect picture on the retina: 
by placing a proper concave lens before the eye; the 
rays are rendered less convergent, and made to unite 
at the retina, and there form a distinct image of the 
objects as before.* | | 


OF THE INVERTED POSITION OF THE IMAGE. 


If vision be owing to the picture on the retina, it 
may be asked, why the object appears in its natural 
upright position? how, when nature draws the pic- 
ture > wrong way, her errors are 80 readily cor- 
rected ? 


If it were as easy a task to give a satisfactory ex- 


planation of this abstruse question, as it is to start 
objections to every system hitherto suggested, to 
account for the operations of the mind on the body, 
and the body on the mind, it would have been ex- 
plained long ago. 

The difficulty would be still greater, if it was the 
picture we saw, and not the object; but the picture 


* The structure of the eye, as far as relates to the optical ef: 
fects, is best illustrated by the artificial eye in brass, described by 
our Author in his Essay on Vision. A model of an eye to repre- 
sent the various anatomical parts, and exhibit its optical effects, 
requires an artist of no ordinary skill. Mr. Smith's eye has much 
ingenuity, but not equal to one I once saw, made by an artist at 
Edinburgh of ivory and glass. It corresponded in the most exact 


manner possible to all the various muscles, coatings, and humours 
of the eye. Epir. | 


+ See on this subject Reid on the Mind, Potterfield on the Eye, 
Hartley on Man, Bornet's Essai Analytique sur 'Ame, Berkley on 
Vision, &c. &c, | | | 
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is not seen at all, the eye can see no part of itself; 
the picture is the instrument, by means of which 
the object is perceived; but it is not perceived itself; 
the instrument neither perceives, compares, nor 
judges; these are powers peculiar to that psycologi- 
cal unity which we call the mind. 

It is absolutely necessary, in considering this sub- 
ject, to distinguish between the organ of perception 
and the being that perceives. A man cannot see 
the satellites of Jupiter, unless assisted by a teles- 
cope: does he therefore conclude from this, that it 
is the telescope that sees those satellites? By no 
means; the conclusion would be absurd: nor would 
it be less absurd to conclude, that it is the eye that 
sees: the eye is a natural organ of sight, but the 
natural organ sees as little as the artificial. 

Our senses are instruments, so framed by the 
Author of our being, that they correspond with, or 
have a determined relation to, those qualities in ob- 
jects which they are to manifest to us. It is thus 
with the eye; it is an instrument most admirably 
contrived for manifesting visible objects to the mind; 
for this purpose, it refracts the rays of light, and 
forms a picture upon the retina; but it neither sees 
the object nor the picture. The eye will retract the 
rays of light, and form the picture after it is taken 
out of the head, but no vision ensues. Even when 
it is in its proper place and perfectly sound, an ob- 
struction in the optic nerve takes away vision, though 
the eye has performed all its functions. | | 

We know, indeed, how the eye forms a picture of 
visible objects on the retina; but how this picture 
makes us see objects, we know not; and if experi- 
ment had not informed us that such a picture was 
necessary, we should have been entirely ignorant of 
it. The seat of sensation, wherever it is placed, 
does not appear to be passive in receiving images; 
the images are the occasion of its re- action, and 
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directing a ray from itself towards every object it 
perceives; and this action and re-action are recipro- 
cal. Hence we often sce objects when the eye is 
turned from them, and often do not see the object 


on which the eye is turned, if the attention be other- 
wise engaged. 


The pictures upon the retina are, however, a mean 


of vision; for such as the picture is, or such as the 
action of the rays of light is on the retina, such is 
the appearance of the object in colour and figure, 
distinctness or indistinctness, brightness or faintness; 
but as we are totally ignorant of the mechanism of 
the mind, or of the organization of the mental eye, 
we cannot say how this effect operates, and can only 
conclude, that the natural eye is an instrument of 
vision. | 

It appears very clear from Dr. Darwin's experi- 
ments, that the retina is often in an active state, and 
that upon the activity of this organ many of the 
phenomena of vision depend; an 1mpression on the 
retina being first made by an active power, which 
produces a conformable change and re-action, that 
passes directly to the sensorium, occasioning, though 
in an unknown manner, the perception of objects. 
On a subject, therefore, confessedly so obscure, 
and which is perhaps beyond the limits of human 
conception in its present state, every explanation 
must be imperfect, every illustration inadequate. 
Among the various attempts of human re to 
shew, why an inverted image is the mean of exhibit- 
ing objects to the mind in an upright position, the 
following is, perhaps, one of the least imperfect. 

Every point of an object is seen in the direction of 
a right line, passing from the picture of that point 
on the retina, through the center of the eye, to the 
object point; and — such points indicate to 
the mind the existence of the object point, and its 
true situation; and of course, that the object, whose 
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ictare is lowest on the retina, must be seen in the 
bigbest direction from the eye; and that object, 
whose picture is on the right of the retina, must be 
seen on the left: so that, by a natural law of our 
constitution, we see objects erect by inverted. images, 
and if the pictures had been erect on the retina, we 
should have seen the object inverted.“ 

But, supposing the preceding illustration to be 
the true one, and quite satisfactory, many difficul- 
ties still remain to perplex the philosopher and em- 
barrass the anatomist. There are parts of the eye 
which assist in perfecting the organ of vision, whose 
nature and functions are among the desiderata of 
science. We are ignorant of the office of the optic 
nerve, or in what manner it performs that office. 
That it has some part in the faculty of seeing, is 
evident; because in an amaurosis, which is said to 
be a disorder of the optic nerve, the pictures on the 
retina are clear and distinct, and yet there is no 
vision. | 

We know still less of the use and functions of the 
choroid membrane, it is necessary however to vision; 
for it is well known, that a picture upon that part of 
the retina where it is not covered with the choroid, 
namely, at the entrance of the optic nerve, produces 
no more vision than a picture on the hand There 
are, therefore, other material organs, whose opera- 
tions are necessary to seeing, even after the pictures 
upon the retina are formed; whenever we become 
acquainted with the use of these parts, more links of 
the chain will be brought into our view, and we 
Shall better comprehend this wonderful instrument. 


* Reid on the Human Mind. 


+ This is not conclusive, for where there is no choroid there is 
no retina, the optic nerve being not yet expanded into that mem- 
brane. If the choroid was taken away from behind the retina, 
tnere is reason to believe that vision would till take place | 
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Having mentioned that there is no vision pro- 
duced where the, nerve enters on that part tbe 
retina which is not covered by the choroid mem- 
brane, it will be proper to illustrate this more fully, 
and shew in what manner this fact has been ascer- 
tained, the discovery of which occasioned. a long 
controversy concerning the proper seat of vision. 

Experiment. Pix three black patches, A, B, C, 
plate 3, fig. 3, upon a white wall at the height of 
the eye, A being to the left, and C to the right: 
place yourself facing these patches, shut the right 
eye, and direct the left towards the patch C, you 
will then sce both A and C, but the middle patch, B, 
will disappear. Or, it the left eye be shut, and the 
right directed towards A, you will still see both A 
and C, but B will disappear. If the eye be directed 
towards B, both B and A will be seen, and not C; 
ſor which ever of the patches is directly opposite to 
the optic nerve vanishes. This experiment is rather 
difficult at first, but becomes easy by a little practice. 
In our usual intercourse with common objects, we 
are not sensible of this defect, because we turn the 
visual part of the eye with so much rapidity upon the 
invisible part of the object, that the loss, without 
peculiar attention, is imperceptible; this loss, how- 
ever in one eye, is remedied by the use of both, as 
the part of the object that is not seen by one, will 
be distinctly perceived by the other. This defect 
of sight, though common to every human eye, was 
never known, until it was discovered by the sagacity 
of M. Mariotte in the last century. 


OF THE EXTENT OR LIMITS OF VISION. 


Having considered the general principles of vision, 
1 shall now proceed to consider further the nature, 
properties, and extent of power of the eyes. As in 
a dark chamber, a very slender beam of light is visi- 
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ple, so in all cases when the surrounding medium is 
very dark, objects are seen by small quantities of 
light. Hence, when the medium round the eye is 
dark, a small quantity of light will suffice for vision, 
the eye being, by the exclusion of adventitious 
light, rendered sensible to the most delicate im- 
pressions. | 1 | 

The extent, therefore, of our sight is increased.or 
diminished, in proportion to the quantity of light 
that Surrounds us, supposing the illumination of the 
object to remain the same. Hence it has been cal- 
culated, that if the same object, which during the 
day we see at the distance of 3430 times its diameter, 
were equally illuminated during the night, it would 
be visible at 100 times greater distance, 

Thus in a dark night, the feeble light of a candle 
may be seen at a great distance; and the fixed stars, 
though they have no sensible diameter, are visible, 
and the darker the night, the more of them are seen. 
A certain quantity of light is however necessary, 
even in this case, for vision; for the impressions of 
light from the satellites of Jupiter and Saturn are 
too feeble to be perceived without the assistance of 
a telescope. | 

At the approach of day, and as the twilight in- 
creases, the eye begins to be enlightened by the 
reflexion of the atmosphere, the stars grow fainter, 
and, in proportion as the light increases, gradually 
disappear, first those of the least, and at last those 
of the largest magnitude. As the day advances, the 
moon herself loses of her lustre, till at length her 
light is overpowered, and she is no longer seen. In 
the same manner, small particles are seen floating 
in a beam of light let into a darkened room; but as 
soon as the room is enlightened, those partieles 
disappear. 

One of the reasons why we. are oſten unable to 
distinguish distant objects, is the profusion of rays 
| U2 | 
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reflected from intermediate objects, which by their 
brilliancy prevent us from perceiving the fainter rays 
that proceed from those which are more distant; so 
that when the objects are very remote, their picture 
on the retina is easily obliterated by the vigorous 
and lively impressions made by those that are nearer. 
But when the intermediate ones emit a feeble light, 
when compared to that which proceeds from the 
more remote ones, these will form a distinct picture 
on the retina, and become perfectly visible. | 
The extent of vision is not only hmited by the 
light of the ambient mediam, which enters the eye 
with the peneils of light that proceed from sur- 
, rounding objects, but it is further impeded by the 
heterogeneous particles that are constantly floating 
in the air; these, by their opacity and reflective 
power, form a kind of veil that obscures the vision 
of remote objects; and the more the medium is 
loaded with these particles, and the more remote 
the object is from the spectator, the more obscure 
and indistinct it will appear, and the limits of vision 
be more confined. 
The exhalations which continually rise from the 
earth augment this obscurity, and render the air 
less transparent, especially near the earth: the ce- 
lestial bodies generally, therefore, appear more ob- 
scure when near the horizon, than when they are at 
a greater eleyation; because, in'the first case, the 
are seen through that part of the atmosphere whit 
is contiguous to the surface of the earth; but in the 
latter, through a part which is at a greater distance. 
Every one knows, that objects at a given distance 
are more distinetly seen, and are visible at a greater 
distance in clear than in foggy weather. Thus, 
early in a clear morning, and when the air is free 
from vapours, and not much enlightened, a hill or 
a head-land is visible at a great distance; but, as 
the day advances, the land becomes more obscure, 
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till at length, by the great opacity of the intervening 
vapour, and the light reflected to it by the eye, the 
object becomes less and less perceptible, and at last 
totally disappears. Hills, and other high lands, are 
seen more distinctly in the morning, partly from this 
circumstance, that by their elevation they are more 
illuminated than the parts intervening between them 
and the spectator. | 

But the obscurity arising from. the exhalations is 
not the least part of the inconvenience they occa- 
sion; the rising exhalations have a kind of undulat- 
ing motion, like that of smoke or steam, so that ob- 
jects seen through them appear to have a tremulous 
or dancing motion, which is sensible even to the 
naked eye. If distant objects be viewed in a hot 
summer's day, this effect is so sensible in telescopes, 
as to render them entirely useless ſor terrestrial ob- 
jets, when they augment apparent magnitude more 
than eighty times. 

From this want of transparency in the atmos- 
phere, arises that gradual diminution in the light 
of objects, which painters call the aerial perspective, 
by which they endeavour to give that degradation of 
colour, and indistinctness of outlines, peculiar to 
objects at a distance: for if the air were perfectly 
transparent, an object would be equally luminous at 
all distances, because the visible area and the den- 
sity of light decrease in the same proportion. 
Another cause which limits the extent of vision, 
and for the removal of which optical instruments are 
more particularly adapted, is their smallness in pro- 
portion to their distances: for, excepting in the case 
of luminous objects seen in the dark, it is necessary 
that an image on the retina should have some de- 
terminate magnitude, in order to become percep- 
tible; thus a house may be seen at a considerable 
distance, but we must approach nearer before the 
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windows are discernible, and still nearer to distin- 
guish the bricks. | 

It is not easy to determine with accuracy the 
quantity of the minimum visibhile, or the angle that 
is subtended by the smallest visible object. Mr. 
Harris has inferred, from several experiments, that 
objects are seldom visible under an angle less than 
ſorty seconds of a degree, and at a medium not less 
than two minutes. 

A simple object, as a white or black quare, upon 
the opposite colour, is perceivable under a less 
angle than the parts of a compound one. The 
more objects differ in colour, the more easily we 
can distinguish their several impressions on the re- 
tina: different degrees of light on the same object 
will render it visible at different distances, and 
under different angles: indeed the most general 
cause of the invisibility of objects, is the want of 
sufficient light in the pencils that proceed from them; 
several contiguous objects are scarcely discernible 
duo from the other, unless they each subtend angles 
that are not less than four minutes. 

A long slender object is visible under a smaller 
angle than a square object of the same breadth: a 
slender object, as a line, may be considered as con- 
sisting of several squares joined together; and though 
one of these squares may be too small to be seen, 
yet the pencils of light coming from each of them 
being contiguous, and striking at the same time 
upon the retina, are capable, by their united strength, 
to awaken the visive faculty, and so to render the 
objects visible from whence they came. For the 
same reason, a small object in motion is easier dis- 
cerned than if at rest, and may be visible in the one 
case, though not in the other. A small star, by day 
or twilight, that cannot be easily seen through a te- 
lescope directed to it, will become visible by shak- 
ing or moving the telescope. 
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There is a great difference in the degree of sensi- 
bility of different eyes. We have been told of per- 
sons seeing the satellite of Jupiter without the as- 


sistance of glasses: a circumstance that to many 


appears incredible. But when we consider how 

much the various circumstances of light affect vision, 

and how much further our sight is extended at 

some favourable opportunities than at others, these 

— 4220 accounts may be the more readily cre- 
ited. | 

The following calculation of M. de la Hire will 
give some idea of the extreme sensibility of the 
optic nerves. . The sail of a windmill, six feet in 
diameter, may be easily seen at the distance of 
4000 toises, and the eye being supposed to be an 
inch in diameter, the picture of this sail at the 
bottom of the eye will be the eight-thousandth 
part of an inch. This shews with what wonderful 
accuracy the rays of light are refracted by the eye, 
80 that a pencil of rays coming from one point 
of the object, shall meet in a point on the retina, 
so as not to deviate the eight-thousandth part of an 
inch. | 
If an object be held too close to the eye, it be- 
comes indistinct, and the more so the closer it is 
held, notwithstanding its apparent magnitude is 
thereby increased, and a very slender object will be- 
come totally invisible. 

To the generality of eyes, the nearest distance of 
distinct vision is about seven or eight inches; at this 
distance they commonly read a small print, and 
examine all minute objects. It is true, some eyes 
can see small objects best at the distance of six, 
four, and even three inches; and some again at 
twelve, fifteen, or twenty inches; but these are only 
particular cases, and do not, therefore, affect the pre- 
sent inquiry. W | 
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A globular object that is less than i inch in dia- 
meter, 1s, to the generality of eyes, totally invisible; 
and, excepting in a few cases, an object cannot, be 
seen that is less than zi inch in diameter; an ob- 
ject of that breadth subtending an angle of one mi- 
nute, at the distance of eight inches from the eye. 
But when the field, on which the object is placed, is 
nearly of the same colour with it, we cannot see it 
under an angle less than . about four minutes. In 
such circumstances the smallest visible object is not 
less than r3s of an inch in diameter. At a medium, 
the size 735 inch diameter is the size of the least glo- 
bular object discernible by the naked eye. 


OF DISTINCT AND IN DISTINCT VISION. 


It will be proper in this place to explain, with 
more accuracy, what is meant by distinct vision, and 
what is the difference between seeing an object dis- 
tinctly, and seeing it clearly; as the clearness or 
brightness with which an object is seen, is often con- 
founded with distinct vision. | 

We see an object clearly, when it is sufficient! 
illuminated, to enable us to form a general idea of 
its figure, and distinguish it from other objects: we 
see it distinctly, when the outlines of it are well de- 
fined, when we can distinguish the parts of it, and 
determine their colour and situation. Thus we may 
be said to see a distant object clearly, when we can 
perceive that it is a tower; but to see it distinctly, 
we approach so near as to be able to determine not 
only its general outline, but to distinguish the parts 
of which it is composed. | 

This may be made more evident, by adverting to 
the experiment of the dark chamber, in which we 
shall find a considerable difference between the dis- 
tinctness and brightness of the picture; and learn, 
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that a confusion of the parts is not the same thing 
with obscurity. 

For the picture may be distinct in all its parts; 
the rays which come from one and the same point 
in the object, may be exactly collected into one and 
the same point upon the paper; and yet, if but a few 
rays pass through the lens, and consequently the 
space where the picture is painted should be but 
faintly enlightened, this picture, though it is dis- 
tinct, will be fairit and obscure. On the other hand, 
though the picture be confused, either because the 
paper is placed at an improper distance from the lens, 
or for any other cause; yet, if many rays pass 
through the lens, and strongly illuminate the paper, 
the picture, notwithstanding the want of distinctuess, 
will be a bright one. | 

The brightness or clearness with which an object 
is seen, depends principally on the following circum- 
stances. 

1. On the quantity of light proceeding from the 
object to the eye; and this 1s in a great measure re- 
gulated by the distance, for the intensity of light 
diminishes in an inverse ratio to the square of the dis- 
tances. 

2. It depends on the colour of che object itself, 
and of those objects which surround it. 

3. On the manner in which the light falls upon 
the object, and is reflected from it. 

4. On the aperture of the pupil, for the . this 
is, the greater will be the number of rays that are 
transmitted to the retina. _ 

5. On the transparency and purity of the humours 
of the eye, and the soundness of the rest of the 
visive parts. 

6. On the transparency of the atmosphere. 

When all these circumstances concur, an object 
will appear bright and clear; but less so, in propor- 
lion as any of them are wanting. In order, how- 
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ever, to obtain distinct vision, it is requisite, not 
only that the object be sufficiently illuminated, but 
also that the several pencils, on their arrival at the 
retina, should be separate, and not mixed together; 
and when this is not the case, the outlines of the 
object and its parts will appear faint, hazy, and 
ill-defined. We may, therefore, consider the fol- 
lowing conditions as necessary towards obtaining 
distinct vision. | 

1. The objects should be sufficiently illuminated: 
now, all other circumstances being the same, the 
nearer an object is, and the brighter its colour, the 
more light the eye receives from it; this is one rea- 
son why near objects are more distinctly seen than 
those that are more remote. 

2. The geometrical image of objects should fall 
either upon the retina, or very near it, and these 
images should be sufficiently ing otherwise the 
parts of the object cannot be distinctly perceived: 
the want of size in this image is also a cause of the 
indistinctness of remote objects. 

3. It is also requisite that the eye be in perfect 
order, and its humours transparent, in order that the 
impressions of light may be fively and distinct. 

In a given eye, and a given disposition of that 
eye, an image upon the retina will be most perfect 
when the object is at some determinate distance from 
the eye; and it is near this point or place, that ob- 
jects, if they are not too small, will be distinctly 
seen. An object at a greater or less distance, will 
have its image either before or behind the retina; 
and, in either case, if the distance of the image 
from the retina be considerable, the vision will be 
indistinct. 

Dr. Jurm has, however, shewn, that it is not ne- 
cessary to distinct vision, that the images of objects, 
or the points of union of the rays, be precisely upon 
the retina, there being some latitude both before 
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and behind the retina, within which, whatever 
images be formed, the vision will be equally dis- 
tinct; and this latitude will be the greater or less, 
according as the visual angles subtended by the re- 
spective objects, are greater or less. 

Let a ome page, in which there are letters of 
three or four different sizes, be placed at such a dis- 
tance, that every sort of print may, without any 
straining or effort of the eye, = perfectly distinct; 
in this case it may be reasonably presumed, that the 
images of the . — letters fall upon the retina. 
If the printed leaf be brought gradually nearer and 
nearer, the smallest print will first begin to be con- 
fused, whilst the larger remains as distinct as be- 
fore: by advancing it still nearer, the smaller print 
will become more confused, the next size above it a 
little confused, whilst the large print is still as le- 
gible as before; and so through several degrees, till 
the whole is in confusion. 

The same experiment may be made the contrary 
way, by using a pair of spectacles of a proper con- 
vexity. From hence it is evident, that we may have 
distinct vision, when the foci of the pencils are at 
some distance, either before or behind the retina, 
and that the larger the object, the greater is this la- 
titude. 

But as in this case the pencils from every point 
either meet᷑ before they reach the retina, or tend to 
meet beyond it, the light that comes from them must 
cover a circular spot upon it, and will, therefore, 
paint the image larger than the perfect vision would 
represent it: and, consequently, every object, placed 
either too near or too remote for perfect vision, will 
appear larger than it is, by a penumbra of. light, 
caused by the circular spaces, which are illuminated 
by — of rays procecding from the extremities of 
the objects. These circular spaces are called circles 
of dissipation. This accounts for short-sighted 
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persons finding near objects appear rather magnified, 
when they use a concave glass which is not so much 
concave as that to which they are accustomed. - 

On account of these penumbre, it 1s clear, that 
two stars will appear to be nearer than they really are; 
and if they be really very near, will appear to be but 
one, but brighter than either of them taken alone: 
so that the two stars will have the same appearance 
as if one brighter star appeared in the middle of the 
space occupied by two stars. | 

When objects are large, they will appear tolerably 
distinct at a much less distance than small objects, 
because the penumbræ will not interfere so much. 
For this reason, a large print may be read much 
nearer the eye than a small one; the former will ap- 
pear only ill- defined, but sufficiently distinct, when 
the latter is quite indistinct, the penumbra of one 
letter interfering with that of another. 

It is very difficult to ascertain precisely the natural 
distance of distinct vision, or that distance at which 
the eye, without any strain or effort, is suited to see 
objects distinctly. If we suppose this distance to be 
that at which we usually read a large fair print, this 
will be about fifteen or sixteen inches, and it can- 
not be less, as we are rather more concerned with 
large objects than the letters of a book; and when 
we view objects nearer, it is on account of their mi- 
nuteness: nor is it probable that the distance can 
be many feet, as, in order to examine objects, we 
are always desirous to have them near the eye, ex- 
cept they are very large. The nearest distance of 
distinct vision is in general computed to be about 
seven or eight inches from the eye. That point in 
any object, to which the optic axis is directed, is 
seen more distinetly than the rest. The truth of this 
position is confirmed by every one's experience: if 
if we turn our eyes directly toward one particular 
part of an object so as to look steadily at it, we may 
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indeed, if the object be not very large, see all the 
rest of it at the same time; but this part will appear 


more distinct than the rest: but looking steadily at 


an object is turning our optic axis towards it. 

OF THE CHANGE IN THE CONFORMATION OF THE 
EYE FOR DISTINCT VISION, AT DIFFERENT 
DISTANCES. 


As a ship requires a different trim for every vari- 
ation of the direction and strength of the wind, so, 
if we may be allowed to borrow that word, the eyes 
require a different trim for every degree of light, and 
for every variation in the distance of the object, while 
it is within certain limits. The eyes are trimmed 
for a particular object, by contracting certain mus- 
cles, and relaxing others; as the ship is trimmed for 
a particular , wind, by drawing some ropes, and 
slackening others. The sailor learns this trim of 
his ship, as we learn the trim of our eyes, by expe- 
rience.* | 

A ship, although it be the noblest machine that 
human art can boast, is far inferior to the eye; for 
it requires art and ingenuity to navigate her, and the 
sailor must know what ropes to pull, and which to 
slacken, to accommodate her to a particular wind. 
But the eye is fabricated with such superior wisdom, 
and the principles of its motion so contrived, that it 
requires no art nor ingenuity to see by it: we have 
not to learn what muscles we are to contract, nor 
which we are, to relax, in order to fit the eye to a 
particular distance of the object. 

But although we are not conscious of the motions 
we perform, in order to fit the eyes to the distance 
of the object, we are conscious of the effort employed 
in producing these motions, and probably have some 


* Reid's Inquiry into the Human Mind. 
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sensation which accompanies them, and to which we 


give as little attention as to many other sensations; 
and thus a sensation, either previous or consequent 
upon that effort, comes to be conjoined with the 
distance of the object which gave occasion to it, and 
by this conjunction becomes one of the signs of that 
distance. | 

That we are capable of viewing objects with nearly 

ual distinctness, though they are placed at consi- 
derable distances from each other, is evident; but 
the alteration which takes place in the eye for this 
purpose, or the mechanism by which this effect is 
produced, is not easily ascertained. 

It seems clear from the first view of the subject, 
that when several objects. are at different distances 
before us, they will not appear equally distinct at the 
same time. t it should be suspected, that the 
indistinctness in this case may be owing to the im- 
pressions not being made upon the corresponding 
fibrils of the two retinas, let us make a trial with one 
eye alone, while the other is shut: thus place twb 
small objects, as two pins, one behind the other, and 
let one be at a foot, and the other at about six inches 
distance from the * Either of these objects, when 


looked at attentively, will appear distinct; but the 


other, at the same time, although it be in the axis 
of the eye, will be confused. And from hence it is 
very clear, that the same conformation of the eye 
is not adapted for distinct vision at all distances, 
and that the eye by some means changes its con- 
formation, so as it may be better suited for vision at 
different distances. | 

In a similar manner to the foregoing experiment, 
if the eye looks attentively upon the little scratches 
or particles of dust upon a window-glass, the objects 
without doors will be indistinct ; and when we look 
at the external objects, the opake particles upon the 
glass, which before were, distinct, will now be con- 
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' fased. It also frequently happens, that when we first 


look at an object, it will appear very confused, which 
confusion will vanish by degrees, and in a little time 
the object will become quite distinct. 

In like manner, if after poring some time on a 
book, we suddenly look at objects farther off, they 
will at first appear confused, and become distincter 
by degrees. A similar indistinctness takes place, 
when, from looking at remote objects, we suddenly 
look at one that is near. To what can we attri- 
bute these phenomena, but to a change in the con- 
formation of the eye for vision at these different 
distances? A change which requires some small 
time for its performance. It cannot be owing to the 
last impression on the eye not being obliterated: for 
in that case, the same confusion would be observable 
upon shiſting the eye from one page of the book to 
the other. 535 

These phenomena are stronger when they happen 
without our thinking upon them; for when we make 
the experiment on purpose, and the mind is already 
prepared for what is to happen, it has time in part to 
frustrate our design; the more so, as these changes 
are somewhat painful. 

Authors are much divided in their opinions con- 
cerning the change that is made in the conformation 
of the eye, to procure distinct vision at different 


distances; some thinking it to be a change in the 


length of the eye, others that it is a change in the 
figure or position of the crystalline humour, others 
that it is a change in the cornea. The authors of 


each opinion'have their objections to all the rest, 


and perhaps the truth may lic among them all. As 
the rays of light suffer a greater refraction at the 
cornea than they do afterwards, it is plain, that a less 
change, as to quantity, in the radius of the cornea, 
will effect the business, than would be sufficient in 
any other part of the eye: but at the same time it must 
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also be confessed, that most persons who have been 


couched for cataracts, are obliged to have glasses of 


different convexities, in order to have distinct vision 
at different distances; from whence it seems neces- 


sarily to follow, that the crystalline humour is con- 
cerned in changing the conformation of the eye. 


Perhaps the cornea, and the crystalline, if not some 


other parts of the eye besides, may contribute to pro- 


duce this effect: and in order to obtain distinct vi- 


sion at a nearer distance, at the same time the cornea 


is rendered more convex, the axis of the eye may be 
a little lengthened, the crystalline made more convex 
and brought forwarder, all which changes. conspire 
to the same end; and the contrary for obtaining vi- 
sion at a greater distance.“ | 

It has been shewn by writers on optics, that if an 
object be viewed distinctly at three different dis- 
tances from the eye, the firut of which may be the 
least distance at which it can be viewed distinctly, 
the second double the first, and the third infinite, 
the alterations in the conformation of the eye, ne- 
cessary for viewing an object distinctly at the first 
and second distances, whose difference is but small, 
are as great as those that are necessary for the second 
and third, whose difference is infinite. 

Hence, if a short-sighted person can read a small 
print distinctly at two different distances, whereof 


* By some experiments made by Mr. Home, Mr. Ramsden, and 
Sir H. Englefield, in an endeavour to shew that the adjustment of 
the eye to different distances could take place independently of the 
erystalline lens, by a change of curvature in the camera, the result 
produced was, that one- third of the adjustment of the eye to diffe- 


rent distances might be attributed to the change of curvature in the 


cornea, and the remainder of the effect divided between the elon- 
gation of the axis of vision and a motion of the crystalline lens; 
and all these changes in a great measure depending on the con- 
struction of the four straight muscles of the eye. The extreme 
nicety of the experiments by an optical apparatus, rendered the 


particulars, not very Satisfactory, See Philos. Trans. 1795 and 
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the larger is but double the lesser, as great altera- 
tions are made in his eyes, as in one whose eyes are 
perfect, and that can see distinctly at all interme- 
diate distances, between infinity and the largest of 
the two former distances. For the same reason, a 
short-sighted person can see distinctly at all dis- 
tances, with a single concave of a proper figure; 
for the cause of short-sightedness is not a want of 
power to vary the conformation of the eye, but that 
the whole quantity of refractions is always too great 
for the distance of the retina from the cornea. 

We may hence also clearly perceive why our eyes 
are so often fatigued in looking at near objects; for 
in this case, the muscles of the eyes, and the liga- 
mentum ciliare are obliged to make a considerable 
effort to give the eyes the necessary conformation; 
which effort being greater in proportion as the ob- 
ject is nearer, must be painful and laborious when 
the object is very nigh. | 

When the eye has been attentively fixed on an 
object at some determined distance, it cannot imme- 
diately see another object distinctly; whether it be 
at a greater or less distance, it appears confused and 
imperfect, till the eye has adapted itself to the dis- 
tance at which the object is placed.“ 


* In the Philosophical Transactions, part 1, 1796, is related by 
Mr. Home © a very remarkable fact, relative to the quickness of 
sight, or of some other sense, but most probably of sight, in the 
vulture tribe. Some gentlemen, on a hunting party in the island 
of Cassimbusar in Bengal, killed a wild hog of uncommon size, 
and left it on the ground near their tent. About an hour after- 
ward, they were walking near the place, when they discerned in a 
perfectly clear sky, a dark spot at a great distance. It gradually 
increased as it advanced towards him, and proved to be a vulture, 
which flew in a direct line to the dead animal, and, alighting on it, 
began to feed voraciously. Within less than an hour, it was joined 
by 70 others, which came from all quarters, mostly from the 
upper regions of the air; in which a few minutes 3 nothing 
could be seen. Err. | 
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In speaking of the strueture of the eye, we have 
 shewn, that the uvea has a small round hole nearly in 
the middle, called the pupil, through which the rays 
must all pass before they can get to the bottom of 
the eye, and paint the images of objects on the re- 
tina. The considerations of the various affeetions of 
this part of the eye, will be found of great import- 
ance, both to the vender and purchaser of spec- 
tactes; for upon the state and aperture of the pupil, 
the requisite degree of magnifying power very much 
depends. Ne 

The Author of Nature has proportioned the mag- 
nitude of the pupil, so that it may best answer the 

urposes of vision, and the sensibility of the retina: 
if it were too large, the retina would be fatigued, and 
hurt by the great quantity of light. Hence it is, 
that those creatures cannot bear the light of the day, 
which, in order to search ſor and procure their food 
at night, have the pupil of their eyes very large. 
Further, if this aperture had been much larger than 
it really is, the eye would not have been a dark cell, 
and so much adventitions light would have en- 
tered, as to render the pieture upon the retina 
obscure and indistinct: for, as in the eamera ob- 
scura, the pictures are most lively and perfect when 
all the light is excluded, but what comes from the 
object, and serves to form the picture; so it is 
with our eyes; the picture on the retina is most 
perfect when all the extraneous light is excluded, 
and none mixes with the picture, but what tends to 
its formation. 

On the other hand, if the pupil had been very 
small, it would not have admitted a sufficient quan- 
tity of light; the impression on the retina would 
have been weak, and the picture faint and obscure; 
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when the pupil is very small, convex glasses are ne- 
ressary, in order to increase the quantity of light. 

All animals have a power of contracting and di- 
lating the pupil of their eyes. The natural state 
appears to be that of dilatation, and the contrac- 
tion a state of violence, produced by an effort ori- 
ginating in the mind. When the light is too 
strong, or the object too bright, we contract the 
pupil, to intercept that part of the light which 
would injure the ons but when the light is weak, 
we dilate the pupil, that more light may enter the 
eye. If a person looks towards the sun, you will 
observe the pupil become exceeding small; but if he 
turns his eyes from the light, and be gradually 
brought into a dark place, you will observe the pupil 
to dilate, in proportion as the light becomes more 
faint and obscure. 

There are also other circumstances which will 
cause the pupit to contract, as when the object is 
nearer the eye than the limits of distinct vision: for 
in this case, the pencils of rays proceeding from the 
object are too diverging to be united in corre- 
sponding points on the retina; but, by contracting 
the pupil, many of the rays are excluded, and the 
picture is rendered more distinct. It is for this 
purpose, that many short-sighted persons contract 
a habit of corrugating their eyebrows in reading; a 
habit which would be prevented by the use of con- 
cave spectacles. 

Dr. Jurin has shewn, that the contraction of the 
pupil does, in general, depend more upon the 
strength of light, than on the sensation of a con- 
fusion in the object. Let any person take a book 
by day- light, and stand near the middle of a room, 
with his back to the light, and then hold the book 
80 near that the letters may appear indistinct, but 
not so much so, but that they may be read, though 
with difficulty; on turning towards the light, it 
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will be read with more ease. Again, holding the 
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book at the same distance, go into the darkest par: 
of the room, and standing with your back to the 
light, you will find the book not at all legible; but 
on coming to 'the window, with your face to the 
light, you will be able to read with ease and dis- 
tinctness, A person who has used spectacles for 
some years will, in the sun-shine, be able to read 
without them. | | 

When we have been for some time in a place 


much illuminated, or if the eye has been too long 


exposed to a resplendent object, and then views 
objects that are less so, or goes into a darker place, 
the sight will for a little time be impaired, and the 
eye unable to perform its proper ns. The 
same will also happen from the contrary circum- 
stances, if we go from a faint light into one that is 
much brighter; in either case the pupil has not 
time to conform itself to the sudden, * but necessary 
change, for seeing distinctly under the new circum- 
stances. From hence we may infer, that very opake 
Shades round a candle, instead of preserving and 
protecting the eye, must be necessarily prejudicial 
to it. A moderate degree of opacity in the shade, 
as that of thick paper, may, by lessening the degree 
of light, be useful to eyes which are inflamed, or 
have a tendency to inflammation. | 

There is a kind of sympathy or coneord in the 
motion of the pupils of both eyes, so that when one 
is contracted, the other contracts also, when. one 18 
dilated, the other also dilates, though neither the 
dilatation nor contraction are equal, Many gross 
oversights have arisen, and some dangerous mistakes 


* This is what Porterfield and some others say; but from other 
experiments, the popil is never 80 contracted as in the case of going 


suddenly from a faint to a bright light: the contraction is instan- 


taneous, The effects, therefore, __— of above, must be referred 
to the different states of the sensibility of the retina, | 
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have been made by oculists, according to Potterfield, 
from their not attending to this fundamental law 
concerning the pupil. 

From this expanding and contracting power of 
the eye, we may learn why the eye sees best when 
surrounded with darkness; for the pupil, by dilat- 
ing, accommodates itself as much as possible to the 
quantity of light, dilating considerably when the eye 
is in darkness, and, ceteris paribus, objects are seen 
most clearly when the pupil is most dilated. Be- 
sides, when the eye is in the dark, the picture on 
the retina is neither confused nor disturbed by 
adventitious rays: hence, those who are in a very 
bright light, when they want to distinguish accu- 
rately a distant object, either depress the eyebrows, 
or apply the hand to the forehead: hence also, a 


person, by placing himself in the dark and employ- 


ing a long tube, will form a species of telescope 
producing a greater effect than might at first be 
conceived: it was on this principle that the ancients 
used a deep pit, in order to see the stars in the day- 
time. From hence we also learn, why a person from 
within a chamber can pereeive the objects that are 
without, while those that are out of doors cannot 
see the objects that are within: for, when we are 
out of doors, the pupil is contracted, and on 

a small portion of the light that is reflected from 
the objects within the chamber can pass to the 
retina; while, on the contrary, those within have 
the pupil more dilated, and the objects that are 
without are also more strongly illuminated; besides 
which, their view of objects is not so much ob- 


struced by the reflexion of the window-glass. 


It is surprizing how far the eye can accommodate 
itself to darkness, and make the best of a gloom 
situation. When first taken from the light, and 
brought into a dark room, all things disappear; or 
# any thing is scen, it is only the remaining radia- 
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tions that Still continue in the eye; but after a very 
little time, the eye takes advantage of the smallest 
ray, which is confirmed by the following curious 
account related by Mr. Beyle. In the time of 
Charles I. there was a gentleman, who, sharing in 
his worthy master's misfortunes, was forced abroad; 
at Madrid, in attempting to do his king a signal 
service, he failed; in oonsequence of this, he was 
confined in a dark an dismal dungeon, into which 
the light never entered, and. into which there was 
no opening but by a hole at the top, down which 
the keeper put his provisions, presently closing it 

ain. The unfortunate loyalist continued for some 
weeks in this dark dungeon, quite disconsolate; but, 
at last, began to think he saw some glimmering of 
light: this dawn of light increased from time to 
time, so that he could not only discover the parts of 
his bed, and such other large objects, but, at length, 
he could perceive the mice that frequented his dun- 
geon, to eat the crumbs that fell upon the ground. 
When set at liberty, he could not, for some days, 
venture to leave his cell, lest the brightness of the 
light should blind him; he was obliged to accustom 
his eyes, by slow and gradual degrees, to the light 
of the day. 


OF IMPERFECT SIGHT. 


There 1s no branch of science, of which it 1s more 
important that a general knowledge should be dit- 
fused, than that part which treats of the various 
imperfections of sight, and the remedies for them. 
To relieve an organ which is the source of the most 
refined pleasure, is certainly a desirable object: to 
enable those, who are in want of assistance, to deter- 
mine whether spectacles will be advantageous or 
detrimental, and what kind will best suit their sight; 
and $0 instruct those who already use glasses, that 
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they may discover whether those they have chosen 
are adapted to the imperfevtion of their sight, or are 
such as will increase their com and weaken 
their eyes; are subjeots worthy consideration of 
every individual, and — the principal busi- 
ness of the remainder of this Lerture. To this end, 
I shall, in the first place, OUR I TOY 
an imperfection of sight. 
| "The sight is relatively imperfect, when we cannot 
see an object distinetly in a common light, and at 
all the usual distances at which it is — by an 
eye in a perfect state. 
In this sense, both the long and chart sighted are 
said to have an ber The short-sighted 
see distant objects confu those that are near at 
— dininotl; their sight is — defective with 
to distant objects: on the other hand, the 
— o-5ighted see distant objects distinctly, near ob- 
jects confusedly. 

An imperfect sight is occasioned by a confusion 
in the image formed upon the retina; this happens 
whenever all the rays that proceed from any one 
point of an object, are not united again in one, but 
fall on different pom of the retina; or whenever 
several pencils of light from different points of an 
object terminate upon one point of the image, This 
species of confusion takes place both in long and 
sbort-sighted eyes. 


OF OLD OR LONG-SIGHTED EYES. 


To detail those circumstances which are, in 
neral, marks of advancing age, and always of partial 
infirmity, must be ever unpleasant, and would be 
equally unnecessary, if it were not the mean of 
lessening the inconveniences attendant on those 
stages of life. 
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By the long-sighted, remote objects are seen dis- 
tinctly, near ones confusedly; and in proportion as 
this defect increases, the nearer objects become 
more indistinct, till at length it is found almost 
impossible to read a common- sized print without 
assistance. An imperfect and confused image is 
formed upon the retina, because the rays of light 
that come from the several points of an object at 
an ordinary distance, are not sufficiently refracted, 
and therefore do not meet upon the retina, but be- 
yone ii jt lo ehe in b ars 

Various are the causes which may occasion this 
defect; if the convexity of the cornea be lessened, 
or if either side of the crystalline becomes flatter, 
this effect will be produced; if the retina be not 
sufficiently removed from the cornea or crystalline, 
or if the retina be too near the cornea or crystalline, 
it will give rise to the same defect, as will also a less 
refractive power in the pellucid parts of the eye; in 
like -manner, too great a proximity of the objects 


will prevent the rays from uniting till they are be- 


yond the retina; but if all these cauges concur to- 
gether, the effect is greater. | 

This defect is, however, in general attributed to 
a shrinking of the humours of the eye, which causes 
the cornea and crystalline to lose their original con- 
vexity, and to become- flatter: the same cause will 
bring the retina too near the cornea. | 

By one or other of these causes, those who were 
accustomed in their youth to read a common size 
print, at about twelve or fourteen inches distance 
from their eyes, are obliged to remove the book two 
or three feet before they can see the letters distinctly, 
and read with comfort. But in proportion as the 
object is removed from the eye, the image thereof 
on the retina becomes smaller, and consequently 
small objects will not always be perceivable at that 


image will of course be fainter. 
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distance, to which those in this state find it neces- 
sary to remove them, in order to attain any degree 
of distinct vision: the further also the object is re- 
moved, the less light will enter the eye, and the 

Hence, those who are 0g! ghted require more 
light to enable them to read, than they did while 
their eyes were in their perfect state; and. this not 
only because they are obliged to remove the book to 
a greater distance, but because the, pupil of their 
eye is smaller, and therefore a greater intensity of 
light is necessary to produce a sufficient impression 
on the retina, and compensate for the defect by a 
greater splendor and illumination of the object. 

Increasing years have a natural tendency to bring 
on this defect, and earlier among those who have 
made the least use of their eyes in their youth; but 
whatever care be taken of the sight, the decays of 
nature cannot be prevented: the humours of the eye 
will gradually waste and decay, the refractive coats 
will become flatter, and the other parts of the eye 
more rigid and less pliable; thus the latitude of dis- 
tinct vision will become contracted: it is also highly 
probable, that the retina and optic nerve lose a por- 
tion of their sensibility. 

Though it is in the general course of nature, that 
this defect should augment with age, yet there are 
not wanting instances of those who have recovered 
their sight at an advanced period, and have been 
able to lay aside their glasses, and read and write 
with pleasure, without any artificial assistance. 
Among many causes which may produce this effect, 
the most probable is, that it generally arises from a 
decay of the fat in the bottom of the orbit; the 
pressure in this part ceasing, the eye expands into 
somewhat of an oval form, and the retina is removed 


to a due focal distance from the crystalline. 
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It is a certain and very important fact, that long. 
sightedness may be acquired; for countrymen, sai- 
lors, and those that are habituated to lock at remote 
objects, are generally long-sighted, want spectacles 
soonest, and use the deepest magnifiers: on the 
other hand, the far greater part of the short-sighted 
are to be found among students, and those artists 
who are daily conversant with small and near ob- 
jects; every man becoming ex in that kind of 
vision, which is most useful to him in bis particular 
profession and manner of life. Thus the miniature 
painter and engraver see very near objects better 
than a sailor; but the sailor perceives distant objects 
better than they do; the eye in both cases endea- 
vouring to preserve that configuration to which it is 
most accustomed. - In the eyes, as well as other 
parts of the body, the muscles, by constant exercise, 
are enabled to act with more ease and power, but 
are enfeebled by disuse: the elastic parts also, if 
they are kept too long stretched, lose part of their 
elasticity; while on the other hand, if they be sel- 
dom exercised, they grow stiff, and are not casily 
distended. From the consideration of these facts, 
we may learn in a great measure how to preserve 
our eyes; by habituating them occasionally to near 
as well as distant objects, we may maintain them 
longer in their perfect state, and be able to postpone 
the use of spectacles for many years; but we may 
also infer from the same premises, that there is great 
danger, when the eyes are become long-sighted, of 
deferring too long the use of spectacles, or using 
those that magnify too much, as we may by either 
method so flatten the eye, as to lose entirely the 
benefits of naked vision. It may not be improper 
in this place to remark, that the long-sighted eye is 
much more liable to be injured by too great a degree 
of light, than those that are short-sighted. 
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Objects that appear confused to the long-sighted, 
will be rendered more distinet, if they New them 
through a small hole, such as that made by a pin in 
a card, because it excludes those diverging rays 
which are the principal source of confusion; but as 
it at the same time intercepts a considerable portion 
of the light, it is by no means an adequate remedy. 
The best relief they can obtain is from convex 
glasses; for by these the rays of light that proceed 
from the object are so refracted, as to fall upon the 
retina, in the same manner as if they issued from a 
distant point. Spectacles afford two advantages, for 
they not only render the picture of the objects dis- 
tinct upon the retina, but they also make it strong 
aud lively. 0 | 


' OF SPECTACLES. 


Spectacles restore and preserve to us one of the 
most noble and valuable of our senses; they enable 
the mechanic to continue his labour, and earn a 
subsistence by the work of his hand, till the extreme 
of old age. By their aid the scholar pursues his 
studies, and recreates his mind with intellectual 
pleasures, and thus passes away days and years with 
delight and satisfaction, that might otherwise have 


been devoured by melancholy, or wasted by idle- 


ness. 


As spectacles are designed to remedy the defects 
of sight, it is natural to wish that the materials of 


which they are formed should be as perfect as the 


eye itself; but vain is the wish! for the materials we 
use, like every thing human, are imperfect, and 
yet we may deem ourselves happy, to have in glass 
a substitute so analogous to the humours of the eye, 
a substance which gives new eyes to decrepid age, 
and enlarges the views of philosophy. The two 
principal defects are, small threads or veins in the 
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glass, and minute specks. The threads are most 


prejudicial to the p of vision, because they 
refract the rays of light irregularly, and thus distort 
the object, and fatigue the eye; whereas the specks 
only lessen the quantity of light, and that in a very 
small degree, WE | 


GENERAL RULES FOR THE CHOICE OF 
SPECTACLES, 


The most general, and, perhaps, the best rule that 
can be given, to those who are in want of assistance 
from glasses, in order so to choose their spectacles 
that they may suit the state of their eyes, is to pre- 
fer those which shew objects nearest their natural 
state, neither enlarged nor diminished, the glasses 
being near the eye, and that give a blackness and 
distinctness to the letters of a book, neither straining 
the 55 nor causing any unnatural exertion of the 
pupil. 

For no spectacles can be said to be properly ac- 
commodated to the eyes, which do not procure them 
case and rest; if they fatigue the eyes, we may safely 
conclude, either that we have no occasion for them, 
or that they are ill- made, or not proportioned to 
our sight. 

Though, in the choice of spectacles, every one 
must finally determine for himself which are the 
glasses through which he obtains the most distinct 
vision; yet some confidence should be placed in the 


judgment of the artist, of whom they are purchased, 


and some attention paid to his directions. 


OF PRESERVERS, AND RULES FOR THE PRESER- 
VATION OP SIGHT, 


Though it may be impossible to prevent the abso- 
lute decay of sight, whether arising from age, par- 
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tial disease, or illness; yet by prudence and good 
management, its natural failure may certainly be 
retarded, and the general habit of the eyes strength- 
ened, which good purposes will be promoted by a 
proper attention to the following maxims. 

1. Never to sit for any length of time in absolute 
gloom, or exposed to a blaze of light. The reasons 
on which this rule is founded, prove the impropriety 
of going hastily from one extreme to the other, whe- 
ther of darkness or of light, and shew us that a 
southern aspect is improper ſor those whose sight is 
weak and tender. 

2. To avoid reading a small print. | 

3. Not to read in the dusk; nor, if the eyes be 
disordered, by candle-light. Happy those who learn 
this lesson betimes, and begin to preserve their sight, 
before they are reminded by pain of the neces- 
sity of sparing them; the frivolous attention to a 
quarter of an hour of the evening, has cost num- 
bers the perfect and comfortable use of their eyes for 
many years: the mischief is effected imperceptibly, 
the consequences are inevitable. 

4. The eye should not be permitted to dwell on 
glaring objects, more particularly on first waking in 
a morning; the sun should not, of course, be suf- 
fered to shine in the room at that time, and a mode- 
rate quantity of light only be admitted. It is easy 
to see, that for the same reasons the furniture of a 
bed should be neither altogether of a white or red 
colour; indeed, those whose eyes are weak, would 
find considerable advantage in having green ſor the 
furniture of their bed- chamber. Nature confirms 
the propricty of the advice given in this rule; for 
the light of the day comes on by slow degrees, and 
green is the universal colour she presents to our 
eyes. 

5. The long-sighted should accustom themselves 
to read with rather less light, and somewhat nearer 
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to the eye, than what they naturally ke; while 
those that are short-sighted should rather use them- 
selves to read with the book as far off as possible. 
By these means, both would improve and strengthen 
their sight; while a contrary course will increase its 
natural imperfections. k 

There is nothing which preserves the sight longer 
chan always using, both in reading and writing, that 
moderate degree of light which is best suited to the 
eye; too little strains them, too great a quantity 
dazzles and confounds them. The eyes are less hurt 
by the want of light than by the excess of it; too 
little light never does any 3 unless they are 
strained by efforts to see objects, to which the de- 
gree of light is inadequate; but too great a quantity 
has, by its own power, destroyed the sight. Thus 
many have brought on themselves a cataract, by 
frequently looking at the sun, or a fire; others have 
lost their sight, by being brought too suddenly from 
an extreme of darkness into the blaze of day. How 
dangerous the looking upon bright luminous objects 


is to the sight, is evident from its effects in those 


countries which are covered the greater part of the 
year with snow, where blindness is exceeding fre- 
quent, and where the traveller is obliged to cover his 
eyes with crape, to prevent the dangerous, and often 
sudden effects of too much light: even the untu- 
tored savage tries to avoid the danger, by framing 
a little wooden case for his eyes, with only two nar- 
row 8lits. A momentary gaze at the sun will, for a 
time, unfit the eyes for vision, and render them in- 
sensible to impressions of a milder nature. 

The following cases from a small Tract on the 
Fabric of the Eye, are so applicable to the present 
article, as to want no apology for their insertion 
here; though, if any were necessary, the use they 
will bobs be of to those whose complaints arise 
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from the same or similar causes, would, I presume, 
be more than sufficient. 

% A lady from the country, coming to reside in 
St. James's-square, was afflicted with a pain in the 
eye, and a decay of sight. She could not look upon 
the stones, when the sun shone upon them, without 
great pain. This, which she thought was one of the 
symptoms of her disorder, was the real cause of it. 
Her eyes, which had been accustomed to the ver- 
dure of the country, and the green of the pasture 
8 before her house, could not bear the vio- 
ent and unnatural glare of light reflected from the 
stones; she was advised to place a number of small 
orange trees in the windows, so that their 
might hide the pavement, and be in a line with the 
grass. She recovered by this simple change in the 
light, without the assistance of any medicine; though 
her eyes were before on the verge of little less than 
blindness.“ | 

* A gentleman of the law had his lodgings in 
Pall-mall, on the north-side, his front windows were 
exposed to the full noon sun, while the back room, 
having no opening, but into a small close yard sur- 
rounded with high walls, was very dark; he wrote in 
the back room, and used to come from that into the 
front to breakfast, &c. his sight grew weak, and he 
bad a constant pain in the balls of his eyes; he tried 
visual glasses, and spoke with oculists equally in 
vain. Being soon convinced, that the coming sud- 
denly out of his dusky study into the full blaze of 
sun-shine, and that very often in the day, had been 
the real cause of the disorder, he took new lodgings; 
by which, and forbearing to write by candle-light, 
he was very soon cured.” 

Blindness, or at least miserable weaknesses of 
sight, are oſten brought on by these unsuspected 
causes. Those who have weak eyes should, there- 
fore be particularly attentive to such circumstances, 
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since the prevention is easy, but the cure may be 
difficult, and sometimes impracticable. | 
Whatsoever care, however, be taken, and though 


every precaution be attended to with scrupulous ex- 


actness; yet, as we advance in years, the powers of 
our frame gradually decay; an effect which 1s gene- 
rally first perceived in the organs of vision. 

Age is, however, by no means an absolute crite- 
non, by which we can decide upon the sight, nor 
will it prove the necessity of wearing spectacles. 
For, on the one hand, there are many whose sight 
is preserved in all its vigour, to an advanced old age; 
while, on the other, it may be impaired in youth by 
a variety of causes, or be vitiated by internal mala- 
dies. Nor is the defect either the same in different 
persons of the same age, or in the same person at 
different ages; in some the failure is natural, in 
others is acquired. 

From whatever causes this decay arises, an at- 
tentive consideration of the following rules will 
enable every one to judge for himself, when his 
sight may be assisted or preserved by the use of spec- 
tacles. | 

I. When we are obliged to remove small objects 
to a considerable distance from the eye, in order to 
see them distinctly. . 

2. If we find it necessary to get more light than 
formerly; as, for instance, to place the candle be- 
tween the eye and the object. 

3. If on looking at, and attentively considering a 
near object, it becomes confused, and appears to have 
a kind-of mist before it. * 

4. When the letters of a book run one into the 
other, and hence appear double and treble. 

5. If the eyes are so fatigued by a little exercise, 
that we are obliged to shut them / 2 time to time, 
and relieve them by looking at different objects. 
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When all these circumstances concur, or any of 
them separately take place, it will be necessary to 
seek assistance from glasses, which will now ease the 
eyes, and in some degree check their tendency to 
grow flatter; whereas, if they be not assisted in time, 
the flatness will be considerably increased, and the 
eyes be weakened by the efforts they are compelled 
to exert. _ 1 | : #71 

We are now able to decide upon a very important 
question, and say how far spectacles may be said to 
be preservers of the sight. It is plain they can only 
be recommended as such to those, whose eyes are 
beginning to fail; and it would be as absurd to 
advise the use of spectacles to those who feel none 
of the foregoing inconveniences, as it would be for 
a man in health to use crutches to save his legs. 
But those who feel those inconveniences, should im- 
mediately take to spectacles, which, by enabling 
them to see objects nearer, and by facilitating the 
union of the rays of light on the retina, will support 
and preserve the sight. | 


OF COUCHED EYES, 


With the diseases of the eye, these Lectures have 
no concern; they have been already well and ably 
considered by professional men; and it 1s scarcely 

to observe, that in anatomical knowledge, 

and in the practical operations of surgery, Eng- 

land now claims a just pre-eminence over other 
nations. | 

But among the various diseases of this organ, 
there is one in which, after the surgeon has quitted 
the patient, glasses are necessary, to give effect to 
the operation, and a comfortable sight of objects to 
the person relieved. This disease is the cataract, 
a disorder affecting the crystalline humour of the 
eye; when the opacity is confirmed, this humour 
VOL. 11, * 
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becomes so opake, as scarcely to admit any rays of 
light, and prevents their producing their ordinary 
effects, and consequently no image of any object is 
ſormed, though the retina, and other organs of 
— are in perfect order. There is no disorder 
ore deplorable in its nature and consequences; 
destractive of the sight often beyond the reach of 
remedy: the hand of the operator is the only hope, 
and his efforts are sometimes unsuccessful, 
The cause of this disorder is seldom known. 
Sometimes it has been thought to be brought on by 
frequent inspection of the sun, and sometimes by 
looking too long and too often at a bright fire. 
In early stages of the disease it has been thought to 
be removed by medicine.“ Of the various reme- 
dies that have been used for this purpose, the elec- 
trical stream is supposed to be the best, on account 
of its powerful discutient properties. 
he assistance the eye receives from the surgeon 
is either by depression of the crystalline below the 
pupil, or extracting the cataract. But as the den- 
sity of the vitreous humour, which supplies the place 
of the crystalline, is less, the rays of light will be 
less refracted, and not meet at the retina, but at 
some distance behind it; the sight will therefore be 
imperfect, 8 the eye be assisted with a proper 
convex glass. There is a circumstance attending 


” / 5 os 
* Baron de Menzel, in his Treatise on the Cataract, denies that 
any medicine has power to dissipate the opake crystalline. 


Mr. Ware, in his translation of this work, assents to the truth of 


the Baron's observations, so far as is at present known; but adds, 
that many cases have occurred, under his own inspection, which 
prove, that the powers of nature are often sufficient for this pur- 
pose. Those opacities in particular, which are produced by ex- 
ternal violence, he has repeatedly seen dissipated in a short space 
of time, when no other parts of the eye have been hurt; and in 
general, in cases of this description, the erystalline humour has 
been dissolved; which has been demonstrated, by the benefit the 
patient has afterwards derived from adopting. the use of very 
convex glasses. Mr, Ware adds, that instances are not wanting, 
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couched eyes, which fully evinces that the change 
made in our eyes, to accommodate them to the dis- 
tances of objects, must be principally attributed to 
the crystalline humour; namely, that one focus is 
seldom sufficient to enable those who have under- 
gone this operation, to see objects at different dis- 
tances. They generally require two pair of spec- 
tacles, one fr near, the other for more distant 
objects. The foci that are used lie between six and 
one and an half inches. | | 

It is not adviseable to use glasses too soon after 
the operation; for while the eyes are in a debilitated 
state, all exertions are not only unproper, but also 
very prejudicial. 7 


OF THE SHORT-SIGHTED. 


In this defect of the eye, the images of objects at 
an ordinary distance unite before mee at the 
retina, and consequently the images formed thereon 
are confuzed and indistinct. This effect is produced 
either by too great a convexity in the cornea and 
erystalline, or too great a refractive power in the hu- 
mours of the eye; or the retina may be placed too 
far; or it may arise from a concurrence of all these 
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in which cataracts, which are formed without any violence, have 


been suddenly dissipated, in consequence of an accidental blow on 


the eye. For these reasons he entertains a hope, that means may 


hereafter be discovered, by which an opake crystalline may be 


rendered transparent, without the performance of any Le 
whatever. The remedies which have appeared to Mr. Ware more 
offectual thart ethers, in these cages, have been the application to 
the eye itself of one or tyyo drops of zther, once or twice in the 


_courge of the day, apd the occasional rubbing of the eye over the 
0 


lid, with the point of the finger, first moistened with a weak vola- 
tile or mereurial liniment. See Mares Translation of Wenzel's 
Treatize on the Cataract, page 13. ; 
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Those who are short-sighted can distinguis} 
smaller objects, and see clearly a given small object 


with less light than other people: the reason is evi- 


dent, for the nearer the object is, the more light 
enters the pupil; being also more dense, its action 
is more powerful on the retina, and the image de- 
picted larger: hence the short-sighted can read a 
small print by moon- shine, or in the twilight, when 
a common eye can scarcely distinguish one letter 


from another. 


In a strong light they can see a little farther than 
they do in a weak one; the strength of the light 
causes the pupil of their eyes to contract, and thus 
removes in some degree the indistinctness of the ob- 
jects. Upon the same principle we may account for 
the short-sighted so often partly shutting their eye- 
lids, from whence they were formerly denominated 
myopes; by this means, they confine the bases of the 
pencils of rays which issue from the points of an ob- 
ject, and thus contract the circle of dissipation, and 
lessen the indistinetness of vision: hence they also 


see objects more distinctly through a small hole, as 


that made by a pin in a card. | | 
It is a common observation, that the short-sighted 
do in general prefer a small pou to à large one, and 

Il hand; for by the prox- 
imity the letters are magnified, and, being small, 
they take in a greater number at one view; they hold 
the book they are reading in, generally inclined to 
one side, in order to attain a greater degree of illu- 
mination. As they can only see distinctly objects 


that are near, they are obliged, by a strong effort of 


the mind, to cause the axes of the eyes to converge; 
this effort, being painful, forces them often to turn 


away one of their eyes, which producing double 


vision, they are obliged” to shut it. When they 
hold a book directly before their eyes, the picture 
will fall upon the middle of the retina; but if they 
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hold it obliquely, it will fall upon the side of the 


retina; now, the middle of the retina is further from 
the fore part 'of the eye than the side of it is. 
Therefore, though the picture be so near to the fore 
part of the eye as to be confused if it fall upon the 
middle, it may be distinct when it falls upon the side. 
As those who are very short-sighted do not per- 
ceive the motion of the eyes and features, they seldom 
look attentively at those with whom they are con- 
versing: it is from this cireumstance that Pliny 
terms the prominent- eyed, hebetiores; not that this 
defect in sight impairs genius, or lessens the powers 
of the mind; but as it deprives them of the rapid 
communications that are made by the eye, it appa- 
rently lessens that vivacity of conception, which al- 
ways accompanies a vigorous mind. 
Happily for the short-sighted, the principal in- 
conveniences of their sight may be remedied by the 
use of concave glasses; by their assistance, those 
whose sphere of distinct vision scarcely extended be- 
yond their arm, are enabled to distinguish, very sa- 
tisfactorily, objects at a considerable distance; the 
. produces distinct vision, by causing 
the rays to diverge more, and unite at the retina, 
de of meeting before they reach the bottom of 
8 | 


eye. 
In the choice of glasses for the short-sighted, no 
rules can be laid down; it is a defect that has no 


connection with age, no stated progression that᷑ can 
be a foundation to guide the optician, or lead him 


to recommend one glass in preference to another; 
the whole must depend on the observation of the 
short-sighted themselves, who, by trying glasses of 


different degrees of concavity, will soon find out that 


whose effects are most advantageous, produeing dis- 
tinet vision at different distances. | 
If the short-sighted person is so far removed from 
an optician, as not to have an opportunity of trying 
* 
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a variety of lenses, he may be nearly suited, by 
sending to him the greatest distance, at which, with 


his naked eye, he can see distinctly; he will, by the 


following rule, be enabled to suit him with tolerable 
Multiply the distance at which the short-sighted 
person sees distinctly with his naked eye, by the dis- 
tance at which it is required he should see distinctly 
by a concave glass, and divide the product by the 
difference between the aforesaid distances: if the 
required distance be very remote, the glasses must 
be of that radius at which they see distinctly with 
their naked eyes.“ Ga 

The benefit the short-sighted receive from con- 


cave glasses, is not so great as the e e, find 


by a convex lens; for an object is not only magni- 
fied, but the eye receives also a larger pencil of light 
from each visible point, because the rays enter less 
diverging: whereas the concave not only diminishes 
the object in size, but it lessens also the quantity of 


* Concave glasses in the shops are generally marked from 
0.1 to 17, From considerable practice in adapting them to dif- 
ferent eyes, I have deduced the following table, süpposing the 
common sight perfect at eight inches distance. It wil be obvious, 
that such a table cannot be precisely true; but yet it is sufficient 
for a short-sighted person, having never worn glasses, or forgotten 


dis number, to know nearly what degree of concavity he is in 


want of. 1 
„ 


Distance in inches at which a fine print may be read by a short- 


sighted person without glasses, and the number nearly of the 
concave glass required. 


Dist. Numb. Disti. Numb. 
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light, as it renders the.rays more diverging : 
quently, the — 2. do not see 
jects, unless they are very large and bright, so —.— | 
through a concave lens as theory promises: for the 
chief impediment to a distinet view of remote objects, 
is their want of light and magnitude; but poth! of 
these a convex lens increases. 

It is | supposed, that the chort-elghted 
become less so as they advance in years, as the na- 
tural shrinking and decay in the humours of the eye 
lessen its convexity, and thus adapt it better for 
viewing 'of distant objects; but among the great 
number of short-sighted that I have accommodated 
with glasses, I have ever found the reverse of this 
theory to be true, and the eyes of the myopes never 
required glasses less concave, but generally more 
coneave as they grew older, to enable them to see at 
the same distance. 

Further, the effects of habit, which are in mast 
cases very powerful, but peculiarly so in the affec- 
tions of the eye, have a natural tendency to increase 
the defect of the myopes; for, by frequently looking 
close to objects, in order to see them distinctly, uy 
would make themselves near-sighted, though their 
eyes were naturally the reverse: hence we tind, that 
watch-makers, cngravers, and studious persons, 
often bring on this defect. By reading or working 
at as great a distance as possible, and 8 looking 
at remote objects, the degree of short-sightedness 
may be much lessened. As children in general read 
much nearer than grown persons, if they are suf- 
fered to indulge this propensity, they become natu- 
rally short-sighted. 

I have found it necessary in some instances, to 
give convex glasses to the sbort-sighted, when very 
far advanced in age, not because their eyes were 
grown less convex, but to give them more light, and 
counteract an extreme contraction of the pupil. 
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Great as are the disadvantages of the short-sighted, 
they are less, perhaps, with respect to distant ob- 
jects, than is generally 1magined; they see the 
brighter stars and planets, nearly as well as other 
people. They are prevented indeed from distin- 
guishing, beyond a eextain small distance, the small 
parts of an object which are very visible to another; 
thus they cannot distinguish the features of a face 
across the room, and as objects are generally discri- 
minated by their minuter parts, their disadvantage 
in viewing objects at a moderate distance is very 
evident. "Bot though such a person cannot discern 
the minutie of objects, unless they are very large and 
very near him; yet he can perceive any object in 
the „at a considerable distance, if it be not too 
amall: d 


hus, he may perceive a man at the distance 


of several paces, but must advance within one or 
two, before he can determine who he is, or call him 
by his name; he will see a large tree much further, 
and, from experience in such cases, will perceive, 
that a large obscure object at a great distance is an 
house, to the surprize of his friends who are ac- 
quainted with the nature of his sight. On these 
principles, we may 2 account for the apparent 
paradox of the pur- blind, or those who can scarcely 
see a small object at arm's length, yet discovering 
those that are very remote. | 
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PLACE OF QBJECTS, 


Luar us now consider by what means the mind, as- 
sisted by the eyes, is informed of the distance of 
objects. Distance of itself and immediately, is im- 
perceptible: for it is only a line directed endways to 
the eye. Thus, if I; look endways at this piece of 
packthread, the length of it would be invisible from 
its situation, and therefore the image on the retina 
can only be a point, which point will be invariably 
the same at all distances; whether the object be a 
thousand miles, or only a foot from us, the point is 
still the same. | 

The change of conformation in the eye, is the 
first means whereby the eye judges of distance. If 
the figure of the eye and the situation of all its 
were to continue always the same at all distances of 
the objects we are looking at, the picture of some 
objects upon the retina would be confused, because 
they are too far off, and others because they are too 
near. In viewing objects at small but different dis- 
tances, the eye must change its conformation for 
procuring distinct vision. Young people have com- 
monly the power of adapting their eyes to all dis- 
tances of the object, from six or seven inches to 
fifteen or sixteen feet, 80 as to have perfect and 
distinct vision at any distance within these limits. 
The effort they use to adapt the eye to any particular 
objects, within that distance, will become a sign of 
that distance. 3 | 
This change in the conformation of the eye has 
its limits, beyond which it cannot go; it can there- 
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fore be of no use to us in Judging of the distance of 
objects that are placed beyond the limits of distinct 
vision. But since the object appears more or less 
confused, according as it is more or less removed 
from these distances, the degree of confusion in the 
objects assists the mind in judging of distances, and 
becomes a sign thereof considerably beyond the li- 
mits of distinct vision. This — has also 
its bounds, beyond which the image on the retina 
will not be sensibly more indistinct, though the ob- 
ject be removed to a much greater distance. 

If, therefore, we had no other means but this of 
perceiving the distance of visible objects, the most 
distant would not appear to be above twenty or thirty 
ſeet from the eye; and the tops of houses and trees 
would seem to touch the clouds, because in that 
case the signs of all greater distances being the same, 
they have the same signification, and give the same 
perception of distance. eh 

We are therefore provided with another means, 
namely, the inclination of the optic axes. In view- 
ing an object attentively with both eyes, we always 
direct both eyes towards it, and the nearer the ob. 
ject is, the more they will be inclined to each other, 
and the more remote the less will be this inclination: 
and although we are not conscious of this inclina- 
tion, yet we are conseious of the effort employed in 
it. By this means we perceive small distances more 
accurately than we could do by the conformation of 
the eye only; and therefore we find, that those who 
have lost the sight of one , are apt, eyen within 
arm's length, to make mistakes in the distance of 
objects, which are easily avoided by those who see 
with both eyes: such mistakes, as beſore observed, are 


often discovered in snuffing a candle, threading a nee- 
dle, and filling a tea-cup. A person who plays well at 


tennis, will find himself subject to the same mistakes 


the first time he plays with his eyes hoodwinked. 
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To be convinced of the truth of this observation, 
suspend by a thread a ring, so that the edge may be 
towards you, and its aperture to the right and left; 
take a stick, which is crooked at the end, and retir- 
ing two or three paces from the ring, cover one eye 
with your hand, and endeavour with the other to 
pass the crooked end of the rod through the = 
easy as the experiment may appear, you will scarcely 
succeed once in an hundred times if you move the 
rod quickly. | wh | 

Although this second mean of perceiving the dis- 
tance of visible objects be more exact and determi- 
nate than the first, yet it hath its limits, beyond 
which it can be of no use. For when the optic axes 
directed to an object are so nearly parallel, that in 
directing them to an object yet more distant, we are 
not conscious of any new effort, nor have any dif- 
ferent sensation; our perception of distance stops; 
and as all more distant objects affect the eye in the 
same manner, we perceive them to be at the same 
distance. This shews why the sun, moon, planets, 
and fixed stars, when not seen near the horizon, ap- 
pear to be all at the same distance, as if they touched 
the concave surface of a great sphere. 

The colours and degrees of brightness in objects 
is a cause of a difference of apparent distance. As 
objects become more and more remote, they gra- 
dually appear more faint, languid, and obscure; 
their minute parts become more indistinct; their 
outline less accurately defined; their colours not 
only lose their lustre, but degenerate from their na- 
tural hue, and are tinged with the azure of the 
intervening atmosphere. It is by these means that 
painters can represent upon the same canvas objects 
at very different distances. The diminution of mag- 
nitude in an object would not be sufficient to make 
it appear at a great distance without this degradation 
of colour, indistinctness of the outline, and of the 


APPARENT PLACE or OBJECTS. 


— 


348 DISTANCE, MAGNITUDE, AND 


minute parts. If a pray sbould make a human 
figure ten times less than other human figures, that 
are in the same piece, having the colours as bright, 
and the outline and minute parts as accurately de- 
fined, it would not have the appearance of. a man at 
a great distance, but of a pigmy or Lilliputian. 
Painters, therefore, to give hate figures a due de- 
gree of remoteness, are obliged to lay over each a 
thick colouring of air; for the more remote the ob- 
ject, the more its own colours seem lost in that 
of the intervening atmosphere. This is called keep- 
ing; for by this means every object in a picturs 
seems to keep its proper distance from the rest, 

Dr. Smith gives us a curious observation made by 
Bishop Berkely, in his travels through Italy and Si- 
eily. He observed, that in those countries, cities 
and palaces, seen at a great distance, appeared nearer 
to him by several miles than they really were; and 
this be attributed to the purity of the Italian and 
Sicilian air, which gave to very distant objects that 
degree of brightness and distinctness, which in the 
grosser air of England was only seen in those that 
were near. Hence a chamber appears less when its 
walls are whitened, and fields and hills appear less 
when covered with snow. 

It is also certain, that in air uncommonly pure, 
we are apt to think visible objects nearer and less 
than they really are, and in air uncommonly foggy 
we are apt to think them more distant and larger 
than the truth. A westerly prospect in a clear morn- 
ing, with the sun upon it, appears nearer than when 
the sun is higher up and more westerly. The dispo- 
sition of the clouds and innumerable other circum- 
stances affect the brightness of objects, and contri- 
bute their share in forming our ideas of the distance 
of remote objects. | 

The length of the ground-plane, or a number of 
intervening parts perceived in it, is another mean by 
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which we perceive distance. We are so much ac- 


customed to measure with the eye the ground we 


travel over, and to compare the judgment of dis- 
tances formed by sight with actual experience or in- 
formation, that we by degrees in this way form a 
more accurate judgment of the distanee of terrestrial 
objects than we could do by any of the above- men- 
tioned means. 


A given extent appears longer according as it con- 


tains a greater number of visible parts; and hence 
two remote and very unequal distances may appear 
very unequal, according to the different circum- 
stances of the intervening parts, and as the spectator 
is differently elevated. Thus a hedge, having in it 
several grown trees, generally appears longer than a 
clipt hedge, or the same extent of ground in an open 
field. For the same reason, a row of. houses, co- 
lumns, or trees, regularly planted, appear longer 
than a plain wall of the same extent; for, in this 
case, there are not only more visible and remarkable 
parts in the one case, but our pre-knowledge of the 
several intervening objects being equi- distant, tends 
to protract the apparent length of the whole chain 
still longer. A river. at first does not look so broad 
as it does, after you have had a side view of the 
bridge across; and; indeed, a given extent of water 
does not appear so long as the same extent of land, 
it being more difficult to distinguish parts in the 
surface of the one, than it is in the surface of the 
other. Hence a person unused to a sea prospect 
will be much mistaken in his judgment of distances; 
a ship that is eight or ten miles from the shore, will 
scarcely seem to him to be a mile off. | 
When part of the intervening chain is invisible, or 
obscurely seen, the apparent distances of objects 


that are beyond that part will be accordingly less. 


Thus a certain extent of rough, uneven ground, 
appears shorter than the same extent of plane 


| 
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Re: the prominent parts hiding the cavities 
hind them, the apparent distance is so much the 
less by the loss of those invisible parts. For the 
same reason, the brow of an hill scen over the top 
of another frequently looks nearer than it does after 


the vale between presents itself to our view; and the 


banks of a river at some distance will seem con- 
tiguous, if no part of the surface of the river is 
visible. 

The known distance of the terrestrial objects 


which terminate our view, makes that part of the 


sky, which is towards the horizon, appear more dis- 
tant than that which is towards the zenith. And 
hence the apparent figure of the sky is not that of a 
hemisphere, but rather a less segment of a sphere; 
and the diameter of the sun or moon, and the dis- 
tance between two fixed stars, seen contiguous to a 
hill, or to any terrestrial object, appear much greater 
than when no such object strikes the eye at the same 
time. | | 

When the visible horizon is terminated by ve 
distant objects, the celestial vault is enlarged in all 
its dimensions. When viewed from a confined 
street or lane, it bears some proportion to the build- 
ings which surround it; but when viewed from a 
large plane, terminated on all sides by hills rising one 

above another to the distance of twenty or more miles 

from the eye, you sce as it were another heaven, 
whose magnificence declares the greatness of its 
Author, and puts every human edifice out of coun- 
-tenance; for the lofty spires and gorgeous palaces 
shrink into nothing before it, and bear no more pro- 
portion to the celestial dome, than their maker to its 
Omnipotent Maker. ( 

Different degrees of apparent distances are aug. 
gested by the diminution of their apparent or visible 
magnitude. We know, by experience, what figure 
a man or any known object makes to our eyes at ten 


. 
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feet, and we perceive a gradual diminution of the 
visible figure at 20, 40, 100 feet, and so on, till it 
at last vanishes: hence a certain visible magnitude of 
a known object becomes the sign of a certain deter- 
minate distance, and carries with it the conception 
and belief of that distance. 

But when we are ignorant of the real magnitude 
of an object, we can never, from the apparent magni- 
tude, form any judgment of its distance. Hence 
we are so frequently deceived in our estimate of dis- 
tance, by the extraordinary magnitude of any object 
seen at the end of it; as, in travelling towards a large 
city, or a castle, or a cathedral church, or a large 
mountain, we imagine them nearer than we find 
them to be. This is also the reason why animals 
and all small objects, seen in vallies, contiguous to 
large mountains, appear exceedingly small; for we 
think the mountain nearer to us than if it were 
smaller, and we should be surprized at the apparent 
smallness of the neighbouring animals, if we thought 
them farther off. Hence also objects appear smaller 
to the eye when seen from a high building, than they 
seem to be when viewed from the same distance on 


level ground. 
Let a boy, who has never been upon any high 


building, go to the top of St. Paul's Church, or other 


high edifice, and look down into the street, and the 
objects seen there will appear to him so small as to 
occasion much sarprize. But ten or twenty years 
after, if he has now and then used himself to look 
from that and other great heights, the object will 
not appear so small. For this reason, statues placed 


upon very high buildings ought to be made of a 


larger size than those which are seen at a nearer 


distance. 
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The apparent magnitude of very distant objects is 
neither determined by the angle under which they 
are seen, nor in the exact proportion of that angle 
compared with their true distance, but is compounded 
with a deception concerning that distance, insomuch 
that, if we had no idea of the difference in the dis- 


tance of objects, each would appear in magnitude 


tional to the angle under which it is seen; 
and if our apprehension of the distance was always 
just, our ideas of their magnitude would be in all 
distances unvaried; but in proportion as we err in 
our conception of distance, the greater angle sug- 
gests a greater magnitude. It is probable, that the 
apparent magnitudes are either exactly or very nearly 
in the compound ratio of the visual angles and ap- 
parent distance. 
We are as frequently deceived in our notions of 
magnitude as those of distance. A fly passing be- 
fore an. unattentive spectator, will sometimes excite 


the idea of a crow flying afar off; but, as soon as 


the mistake in the distance is found, the crow will 
dwindle into a fly. Thus, also, as we have observed 
in foggy weather and in the dusk, objects appear 
further off than they really are, and in these cases 
proportionably larger, as there 1s a greater mistake 
in the distance. Thus a small heap of stones has 
been mistaken for the ruins of a large building, &c. 
The diminution of apparent magnitude is so very 
small in proportion to the greater increase of dis- 
tance, that in general the visual angles subtended 
by objects can have but little share in forming our 
judgment of their distances; and, indeed, if the 
case was otherwise, it would be almost impossible 
for us to guess aright, either as to distance or magni- 
tude. For instance, if we did not judge indepen- 
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dently of the visual angle, how could we know a 
child from a grown person, or even a pin from a 
may-pole. For the largest object being removed 
to a greater distance may subtend an angle less than 
any assignable one; as objects generally appear 
nearer when the intervening chain is not perceived: 
and the same reason operates, as already observed, 
in making them appear proportionably smaller. 
Thus the distance of an object joined with its vi- 
sible magnitude, is a sign of its real magnitude; 
and the distance of the several parts of an object 
joined with its visible figure, becomes a sign of its 
real figure. | 

When you look at a globe standing before you, 
by the original powers of sight you perceive only 
something of a circular form, variously coloured. 
The visible figure hath no distance from the eye, no 
convexity, nor hath it three dimensions; even its 
length and breadth are incapable of being measured 
by inches, feet, or other linear measures, But when 
you have learned to perceive the distance of every 
part of this object from the eye, this perception gives 
it convexity, and a spherical figure; and adds a third 
dimension to that which had but two before. The dis- 
tance of the whole object enables you also to perceive 
how an inch or a foot of length affects the eye at that 
distance: you perceive by your eye the dimensions 
of the globe. be O90 

So numerous are the relations between the eye and 
the understanding, between light and knowledge, 
that there are very few parts of optics from which 
you may not deduce some practical advantages. 
Thus the judgment of the mind corresponds with the 
Strength and colour of the objects whereon they are 
passed: but the further objects are removed, they 
grow more faint and indistinct, and of course our 


Opinions concerning them will be less vivid and 


clear, Both pleasures and pains at a distance ap- 
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pear scarcely worth our regarding, or giving ourselves 
any trouble about them; the present occupies our 
thoughts, and forcibly carries away the preference 
in our imagination from the future, against the 
clearest and suregt decisions of our understanding. 
To rectify this imperfection of our nature is worthy 
of your utmost application; and you may easily do 


it by gradually inuring the mental eye to discern 


objects at a distance. It is the quickness of this 
moral sense, or an habitual full persuasion of certain 
good and evil, however remote, being equally. valu- 
able with the present, that constitutes the virtue of 
prudence. | 


OF APPARENT MOTION. 


If two objects at different distances from the eye 
move in parallel lines, nearly at right angles to the 
optic axis, and with the same velocity, the most dis- 
tant will appear to move slowest, and the nearest will 
appear to move quickest, because the space described 
by the most distant object will subtend a much 
smaller angle to the eye. 
If the directions in which the bodies move are not 
parallel, the nearest object may appear to move 
slower than the more distant, although it really 
moves quicker, if the space described be situated $0 
obliquely to the visual rays, that they form at the 
eye much smaller angles, than smaller spaces de- 
scribed by the more distant object, which is exposed 
more directly to the eye. 1 | 
If two objects unequally distant from the eye move 
with unequal velocities in the same direction, their 
apparent velocities are in a ratio compounded of the 
direct ratio of their true velocities, and the reciprocal 
one of their distances from the eye. 
As objects in motion will have different apparent 
velocities at different distances; so to a spectator 
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in motion, objects: at rest will have different ap- 

nt velocities. Thus a passenger in a coach sees 
the trees in the next hedge move swiftly bac | 
while those in the field beyond move slower, and 
those beyond these still slower, and so on, those that 
are very remote being scarce perceived to move at 
all, And if a spectator in motion keeps his eye 
fixed upon an object at some distance, objects that 
are pretty near to it will appear at rest, whilst 
near objects will appear to go backwards, and more 
remote ones progressively — the same way as 
the spectator. 

If two or more objects, having the same appa- 
rent velocity, move all the same way, an object at 
rest, by which they pass, may appear to move the 
contrary way, while the objects in motion may ap- 
pear at rest: for, as their images keep the same dis- 
tance upon the retina, no motion among them can 
be perceived. If the spectator insensibly moves his 
JC, so as to keep these images in the same place, 

e image of the object at rest will pass successively 
over them, in the same manner as if that object 
had been in motion the contrary way. The same 
phenomenon may happen, if the single object be in 
motion, either the same or the con way; only 
its apparent motion will be quicker or slower, direct 
or retrograde, according to different circumstances. 
Thus when the clouds move successively over the 
moon, she seems to go with their velocity the con- 
trary way, whether that be eastward or westward. 

From hence you may see how difficult it is to 

a just estimate of the real velocities of objects 
from apparent ones, since we ought to know both 
the directions and distances of the moving objects, 
neither of which in many cases can be guessed at 
with tolerable accuracy. 

Bodies in motion must move with a certain de- 
gree of velocity in order to become perceptible. 

| 22 | 
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Though it is difficult to assign with accuracy the 
space that must be passed over in a given time, in 
order to be sensible; yet in general we may say, that 
it should describe, in a second of time, a space that 
will form at the eye an angle of fifteen or twenty 
seconds of a degree. Hence we may see why the 
heavenly bodies are not perceived to move, the 
spaces described by them in a minute not subtending 
an angle of one-fourth of a degree, when their ap- 
parent motion 1s greatest, For the same reason we 
do not perceive the motion of the hour, or even the 
minute hand of a watch. In the same manner a 
very considerable velocity, as the diurnal motion of 
the heavenly bodies, may be yet too slow to be per- 
ceived; . and an object may move with so great a ve- 
locity as not to be perceived, as the flight of a ball out 
of a gun. 

An objeet moving with great velocity is not seen 
unless it be very luminous. Thus a cannon ball is 
not seen, if it be viewed transversely; but if it be 
viewed according to the line it describes, it may be 
seen, because its picture continues long on the same 
place of the retina, and therefore receives a stronger 

impression. | 

As we have all been children before we were men, 
we have all, I doubt not, at that season, amused 
ourselves with many childish diversions, one of 
which you may remember was burning a small 
stick to a live coal, and whisking it round to 
make gold lace, as we called it. We little thought 
then of making experiments in philosophy; but 
we may turn this innocent amusement to that use, 
in our riper years, by gathering from hence, that 
our organs can continue sensation after the im- 
pulse of objects exciting it is over: for the coal is 
in one point only at one time, and can be seen 
only where it is; yet there appears an entire circle 
of fire, which could not happen unless the light 
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coming from it at every * put the optic nerves 
into a motion that lasted until the object returned 
to the same point again; nor, unless this motion 
raised the same perception in the mind as it did 
upon the first striking of the light. For if the 
stick be not twirled swiftly enough, so that it 
cannot make a second impression from the same 
point, before the motion excited by the first be 
over, you will not see a whole fiery ring, but a lucid 
spot passing successively through every part of the 
circle. 

On the principles we have laid down, are ex- 
plained what are called fallacies in vision. They 
depend principally on our mistaking the distances 
of objects. Thus, parallel lines, as long vistas, con- 
sisting of parallel rows of trees, or lighted lamps by 
night in a long street, seem to converge more and 
more as they are farther extended from the eye; be- 
cause the lines which measure their intervals, and 
which are always equal, subtend smaller angles, the 
more remote they are, and so appear perpetually di- 
minishing, while we, at the same time, mistake the 
distance. For the same reason, the remote parts of a 
horizontal walk, or a long floor, will appear to ascend 
gradually; and the more remote the objects are that 
are placed upon it, the higher they will appear, till 
the last be seen on a level with the ho whereas the 
ceiling of a long gallery appears to descend towards 
a horizontal line, drawn from the eye to a spectator. 
And the surface of the sea, seen from an eminence, 
seems to rise higher and higher, the farther we loox: 
and the uppermost parts of high buildings incline for- 
wards over the parts below; so that statues on the 
top of such buildings, in order to appear upright, 
must recline or bend backwards. | 

There is another phenomenon, however, not so 
easily accounted for: if a person turns swiftly round, 
without changing his place, all objects about will 
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Seem to move round in a contrary way; and this 
deception continues not only while the person him. 
self moves round, but, which is more surprizing, 
it continues also for some time after he ceases to 
move; i. e. when both the eye and the object are at 
rest. 'The first is. not 80 difficult to explain, for 
the motion of the object on the retina easily ex- 
plains it: but why it continues when both the eye 
and the object are at rest, has not yet been well 
understood. It appears to me, that the seat of 
sense is not altogether passive in receiving images, 
but positively directs a ray from itself to every 
object it perceives; the action and re- action between 
objects and the seat of sense, is wholly reciprocal. 
Hence we see objects, or their image, after the eye 
is turned from them. Hence, also, in a delirium, 
the objects of the imagination receive a real repre- 
sentation in the organs of sense: and hence we do 
not see an object the eye happens to be fixed on, if 
the attention be otherwise engaged. 

It is, however, to be observed, with respect to 
what we call the fallacies in vision, the appearance 
of things to the eye always corresponds to the 
fixed laws of nature; many al to speak properly, 
there is no fallacy in the senses. Nature : 
gpeaks the same language, and uses the same signs, 
in the same circumstances: but we sometimes mis- 
take the meaning of the signs, either through igno- 
rance of the laws of nature, or through ignorance of 
the circumstances which attend the signs. 
To a man unacquainted with the principle of 
opties, almost every experiment that is made with 
the prism, with the magic lanthorn, with the teles- 
* and the microscope, seem to produce some 
fallacy in vision. Even the appearance of a com- 
mon mirror, to one altogether unacquainted with 
the effects of it, would seem most remarkably fal- 
lacious: for how can a man be more imposed upon, 
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than in seeing that before him which is really behind 
him? How can he be more imposed upon, than in 
being made to see himself several yards removed 
from himself? Yet children, even before they can 

their mother-tongue, learn not to be deceived 
by these appearances. These, as well as all other 
striking 4 produced by optical glasses, are 
a part the visual languagez and to those who 
understand the laws of nature concerning light and 
colours, are in no wise fallacious,. but have a distinct 
and true meaning. 


OF VISION BY IMAGES, 


The particular phenomena of vision, in given 
cases, by reflected and refracted light, have been 
the prineipal subject of the preceding Optical Leo- 
tures: but, on account of their universality, it will 
be proper to make a few more observations on this 
subject. 3 4505 * 2 

Vision of real objects seen directly, and vision by 
images, are both founded on the same principles: 
that is, similar impressions, or the same kind of 
images upon the retina, excite similar ideas in both 
cases. Consequently, objects, when seen by re- 
flected or refracted rays, are seen in the places of 
their last images. If these images are at moderate 
distances before the eye, the several circumstances 
by which we form the ideas of the apparent dis- 
tance of objects seen by naked vision, are also 
taken into the account. Universally, every visible 
point of an object appears somewhere in the di- 
rection of the axis of the pencil of rays proceed- 
ing from it to the eye after its last reflexion or re- 
fraction. | 

In vision by images, we are generally deprived 
of many circumstances by which we usually judge 
of distances; and this makes it difficult, in most 
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eases, to determine the place of an image, particu. 
larly if it be further off than two or three yards, 
These difficulties are frequently increased by some 
peculiarities appertaining to the images which we 
are not accustomed to, and for which we are at a 
loss to make proper allowances. But when the 
image is within the above- mentioned limits, we can, 
in most cases, determine its place with sufficient 
accuracy: and here, as well as in naked vision, the 
nearer we can determine the place from whence the 
rays converge to the eye, the more distinct will the 
image appear. | 

The apparent magnitudes of objects, seen by re- 
flexion or refraction, are either accurately, or very 
nearly, as the rectangles under the visual angles 
and apparent distances of their last images. In all 
cases, the apparent place, position and figure of 
an object seen by refracted or reflected light, are 
as those of its last image. For the rays proceed- 
ing from the image to the eye, form a succession 
of physical points after the same manner as if 
they came from a real object, and therefore ex- 
cite an idea of an object equal and similar to the 
image. . 

Hence, as you have seen, in vision by images, we 
are liable to many deceptions, some of which are 
entertaining as well as suprizing; for not only the 
place of an image, but very often its position, mag- 
nitude, and even figure, shall be quite different from 
the real object. | \ 


OF VISION BY IMAGES,* 


As this is a subject of the greatest importance in 
optics, it will be worth while to consider it when 


* The Rev. &. Vince's Plan of a Course of Lectures, p. V. 
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stated in different words, with some additional cir» 
cumstances, 

When the rays in a pencil diverge from a point, 
and either by reflexion or refraction are brought 
all together again, they then form a luminons point 
corresponding to that from which they diverged. . 

By these means a new visible object is formed, 
called the image of the other; for the eye now re- 
ceives the rays as coming from this latter point, arid 
therefore judges the former point to be in the place 
of the latter; and as this is true for every point of 
any object, every object may thus actually be formed 
a-new, $0 far as regards our visible ideas. And the 
rays diverging to the eye from the image thus formed, 
in the same manner as if they came directly from the 


+ object, excite an idea of that image, or of an object 


similar to it, 

Now, if the pencils of rays, which diverge from 
all points of an object, be again respectively collected 
at the same distances, they then form a new visible 
object equal to that from whence they. flowed: but 
if the points of this new object, called the image, 
corresponding to those of the N object, be at 
a greater or less distance, they form a new visible 
object greater or less than the original one. Thus, 
therefore, we are able to form a new visible object, 
very near to us, exactly similar to an object at a 
great distance. I call this a visible object, because 
at the place where it is formed there is nothing to 
excite corresponding tangible ideas, as in the object 


from whence the rays first flowed. But in respect 


to our visible ideas, which we are here only consi- 
dering, it is as much an object as the other; the eye 
may, therefore, be so situated with respect to this 
new object, that it may appear much nearer than the 
original object; every object appearing greater, the 
nearer it is to the eye. 
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Now, with respect to the brightness ef this new 
visible object, we are to consider, that when the eye 
looks directly at any object, it receives no more rays 
from any one point, than what can directly enter the 
pupil: but, when an image is formed by a lens, 
for instance, all the rays from any one point of the 
object which fall upon the lens are collected toge- 
ther, and form a point of the image. Now, if the 
diameter of the pupil of the eye =0.1 inch, and the 
diameter of the lens be 5 inches, their areas will be 
as 0.01 to 25; or, as 1. to 2500: there are, there- 
fore, ceteris paribus, 2500 times as many rays col- 
lected to form every point of the image by the lens, 
as enter the eye, and form the image, supposing all 
the rays to be refracted. Now although the rays 
diverge from every point of this image, formed by 
the lens, and therefore where the eye is situated it 
may not receive them all, yet being situated near to 
it, it will receive a very considerable part, and more 
in proportion as it is nearer. 

ence the number of rays which the eye receives 
from any point of this image, may be greater than 
that which it receives directly from the object; and 
thus the image may be brighter than the object. 
These are some of the reasons why any distant ob- 
ject may be made to appear larger and brighter: 
and the common expression, that the object is 
brought nearer, is not incorrect; for the visible ob- 
ject is actually nearer, but not being accompanied 
with any tangible ideas, we call it an image of the 
other; whereas it is a visible object formed by the 
same rays as the original visible object. Looking 
therefore at the visible object thus formed, we get 
an idea of the original visible object, seen under the 
same angle; and from thence, by association, we 
conclude what are the corresponding tangible ideas. 
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T shall conclude this Lecture on Vision with some 
more reflexions on the eye. They are extracted 
from a sermon of Mr. Nætolin's. 

Light is truly pleasing in its own natural simpli- 
city, and is the ornament and glory of every other 
object. But the eye receives it always with a fresh 
and increasing pleasure, as it is varied and diversi- 
fied, by putting on so many sorts of colours, like so 
many changes of raiment. 

Every time that the eye opens and expands itself, 
it draws as it were the whole visible world into its 
own narrow compass; and there is a new creation 
within itself. The sun, that marvellous instrument 
of the Most High; the moon, that shineth in the 
firmament of heaven; the stars, that numberless 
host; the rainbow, that glorious circle which is bent 
by the hands of the Most High; the virgin purity 
and unsullied whiteness of the snow; the beautiful 
embroidery of flowers; the rich cloathing of the 
meadows, and the cattle upon a thousand hills, are 
presented to the eye by the Lord our Maker, and 
set before it as on a spacious theatre. 

The great source of light, which shews every 
thing to the eye, casts forth so bright and dazzling 
a lustre, that it would bear too hard upon it, and 
injure our visual faculty, if it were placed too near 
the sight; but it is fixed at so remote a distance 
from us, that we look upon it with pleasure, and 
enjoy its glory. 

When the eye is wearied with its daily service, 
and the night spreads a veil of darkness over this 
lower world, the curtain that is hung before the eye 
falls down, and the eye-lids are shut with a close seal, 
till we have renewed our strength, and the mornin 
restores the world to our view: the eye-lid not only 
affording refreshment and ease to the eye, but de- 
2 it from the secret perils and invisible dan- 
gers of the night. 
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And when day breaks, it does not shine forth at 


once, in full perfection, but gradually manifests it. 
self, that the eye may not be overpowered by a sud- 
den issuing out, and too mighty a stream of light, 
The sun sends a harbinger before him, to give notice 
of his appearance, that the dawning of the day may 
prepare ns to receive him. h 2 | 
Though every colour has a peculiar beauty, yet 
they are not all equally agreeable and refreshing to 
the eye: but the yerdure of the fields is most parti- 
cularly pleasing to it, and we can bear to dwell the 
longest upon 1t: God has appointed it for the com- 
mon dress of nature, and made this colour the most 
familiar to our sight. He leads us through the 
green pastures, and adorns the herbs and plants with 
many varieties, even in the same colour, and changes 
it every day. | 
Time would fail me, even in attempting to de- 
Scribe all the pleasures and advantages of sight. 
I cannot, however, leave the subject without one or 
two observations. The eyes are a faithful guard to 
the whole man, and are placed as in a friendly watch- 
tower, to discern his danger, and giye him friendly 
warning, while it 1s yet - off. | 
The eye is instrumental in promoting the happi- 
ness of conversation. It is the eye that meets our 
friend with joy, and kindles and imparts the heavenly 
flame of friendship. It is the eye that pities and 
spares, and yearns over the miserable object with 
nerous compassion. It was with the eye that our 
| nk reproved St. Peter. O Lord, how marvellous 
are thy works! in wisdom hast thou made them all! 
The eye that sees, gives witness of thee; and the ear 
that hears, confirms its testimony. 
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LECTURE XIX. 


OF COLOURS, 


No philosophical subject is more worthy of your 
attention than light; it is the means by which all the 
beauties and glories of the creation are laid open to 
view. With some of its curious properties you are 
well acquainted; a new scene will now rise before 
you equally admirable with those that have preceded. 

I have hitherto considered light as a body uncom- 
pounded, and of parts resembling each other; but 
we are going to examine its texture more closely. 
You will now see that this fluid, so simple in ap- 
pearance, is made up of very different particles; that 
it is composed of very different coloured teints; and 
that from the nature of this composition arises that 
charming variety of shades which paints the face of 
nature. LESS | 

Whatever pleasures we derive from the beauty of 
colouring, we owe it to the different rays of light, 
each object sending back to our eyes those rays, 
which its surface is best adapted to reflect: in this 
Sense the blushing beauties of the rose, and the 
modest blue of the violet, may be considered as not 
in the objects themselves, but in the light that adorns 
them. Odour, softness, and beauty of figure, are 
their own; but it is light which dresses them up in 
those robes which shame the monarch's glory. 

Natural philosophers were formerly of opinion, 
that the solar light was simple and uniform, without 
any difference or variety in its parts, and that the 
different colours of objects were made by refraction, 
reflexion, or shadows. But Newton taught them the 
errors of their former opinions; he shewed them to- 
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dissect a single ray of light with the minutest preci- 
sion, and demonstrated that every ray was itself a 
composition of several rays all of different colours, 
each of which when separate held to its own nature, 
simple and unchanged by every experiment that 
could be tried upon it. Or to be more particular, 
light is not all similar and homogeneal, but com- 
pounded of heterogeneal and dissimilar rays, some of 
which in like instances being more refrangible, and 
others less refrangible; and those which are most 
refrangible are also most reflexible: and accordin 
as they differ in refrangibility and reflexibility, they 
are endowed with the power of exciting in us sensa- 
tions of different colours. | 

Newton's theory of light and colours is striking 
and beautiful in itself, and deduced from clear and 
decisive experiments, and may be almost said to de- 
monstrate clearly, 

Ist. That lights which differ in colour, differ also 
in degrees of refrangibility. 
24. That the light of the sun, notwithstanding its 
uniform appearance, consists of rays differently re- 
frangible. Ke 

3d. That those rays which are more refrangible 
than others, are also more reflexible. | 

4th. That as the rays of light differ in degrees of 
refrangibility and reflexibility, so they also differ in 
their disposition to exhibit this or that particular 
colour; and that colours are not qualifications of 
light, derived from refractions or reflexions of natu- 
ral bodies, as was generally believed, but original 
and connate properties, which are different in diffe- 
rent rays, some rays being disposed to exhibit a red 
colour and no other, and some a green and no other; 
and 80 of the rest of the prismatic colours. 

- Sth. That the light of the sun consists of violet 

making, indigo making, blue making, green making, 
yellow making, orange making, and red making rays; 
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and all of these are different in their degrees of re- 
frangibility and reflexibility; for the rays which pro- 
duce red colours are the least refrangible, and those 
that make the violet the most; and the rest are 
more or less refrangible as they approach either of 
these extremes, in the order already mentioned: 
that is, orange is least refrangible next to red, yellow 
next to orange, and so on; so that to the same de- 
gree of refrangibility, there ever belongs the same 
colour, and to the same colour the same degree of 
refrangibility. | 

6th. Every homogeneal ray, considered apart, is 
refracted according to one and the same rule, so that 
its sine of incidence is to its sine of refraction in a 
given ratio; that is, every different coloured ray has 
a different ratio belonging to it. 

7th. The species of colour, and degree of refran- 
gibility .and reflexibility, proper to any particular 
sort of rays, is not mutable by reflexion or refraction 
from natural bodies, nor by any other cause that has 
been yet observed. When any one kind of rays has 
been separated from those of other kinds, it has 
obstinately retained its colours, notwithstanding all 
endeavours to bring about a change. | 

8th. Yet seeming transmutations of colours may 
be made, where there is any mixture of divers sorts 
of rays; for, in such mixtures, the component co- 
lours appear not, but by their mutually alloying 
each other, constitute an intermediate colour. | 

gth. There are, therefore, two sorts of colour, 
the one original and simple, the other compounded 
of these; and all the colours in the universe are 
either the colours of homogeneal, simple light, or 
compounded of these mixed together in certain pro- 
portions, 'The: colours of simple light are, as we 
observed before, violet, indigo, blue, green, yellow, 
orange, and red, together with an indefinite variety 
of intermediate gradations. The colours of com- 
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pounded light are differently compounded of these 


simple rays, mixed in various proportions: thus a 
mixtare of yellow-making and blue-making rays ex- 
hibit a green colour, and a mixture of red and yel- 
low makes an orange; and in any colour, the same 
in ie with the primary ones, may be produced 
by the composition of the two colours next adjacent 
in the series of colours generated by the prism, 
whereof the one is next most refrangible, and the 
other next least refrangible. But this is not the 
case with those that are situated at too great a dis- 
tance; orange and indigo do not produce the inter- 
mediate green, nor scarlet and green the interme- 
diate yellow. | 

10th. The most curious and wonderful com- 
position of light, is that of wwhiteness; there is no 
one sort of rays which can alone exhibit the colour, 
it is ever compounded, and to its composition all the 
aforesaid primary colours are requisite. 

11th. As whiteness 1s produced by a copious re- 
flexion of rays of all sorts of colours, when there is 
a due proportion in the mixture; so, on the contrary, 
\ blackness is produced by a suffocation and absorption 
of the incident light, which being stopped and sup- 
pressed in the black body, 1s not reflected outward, 
but reflected and retracted within the body till it be 
stifled and lost. 

Having thus endeavoured to give you a general 
idea of the theory of colours, I shall proceed to ex- 
plain the subject more fully, illustrating it by the 
experiments so admirably devised by Newton. The 
sun shines favourably for our purpose, we will there- 
fore go into the darkened room; I have been, you 
see, particularly careful to exclude all light from 
the room, but what enters through the tube I have 
fixed in the window-shutter. I admit a beam of 
light through a hole in this tube of about one-quarter 
of an inch diameter; the beam darts through the 
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hole, and forms on the floor an image of the sun 
nearly circular. I now place my glass prism 80 as 
to receive the beam of light, and you observe how 
beautifully that beam is refracted into different co- 
loured rays. The cylindric beam of light passes into 
the prism, is there dilated, and by refraction thrown 
into an oblong form, exhibiting on the opposite side 
of the room an amazing bright and beautiful spec- 
trum of colours. The prism is triangular at each 
end, about six inches long, and is polished on the 
three sides. I have placed it parallel to the horizon, 
with its axis perpendicular to the beam of light. 
On turning the- prism slowly about its axis, you see 
that the refracted light on the wall, or the coloured 
image of the sun, first descends, and then ascends; 
between the ascent and descent, that is, where the 
image is stationary, the prism is to be fixed, because 
in that situation the refractions of the light on the 
two sides are equal to one another. A prism 
mounted on a brass stand, with a ball and socket, 
or other universal joint, is for convenience to be pre- 
ferred. 38 
Whenever you would have the refractions on both 
sides of the prism to be equal, you must note the 
place on the wall where the image is quicscent, or 
the mean point between two contrary motions, and 
there fix the prism. I shall make all the following 
experiments with the prism in this situation, unless 
some other pogtion be mentioned. 

The refracted light falls perpendicularly upon a 
Sheet of. white paper, placed on the opposite wall of 
the chamber, where an oblong, not an oval, image 
of the solar spot is formed; it is terminated by two 
rectilineal and parallel sides, and two semicircular 
ends; the sides are better defined than the ends, 
which are confused and indistinct, because the light 
at the ends decays and vanishes by degrees. | 

The lower extremity is red, above this is placed 
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the orange, afterwards the yellow, then the green, 
the blue, the indigo, and lastly the violet, which is 
placed in the upper part of the image. There are, 
you see, innumerable gradations connecting and 
uniting the primary one, each colour gradually de- 
generating as it were into the succeeding one. You 
will not always be able to distinguish clearly the 
whole seven colours, as it requires a very excellent 
prism, and great attention and accuracy in perform- 
ing the mov” to prevent some of those which 
most nearly resemble each other from being con- 
founded together: you will, however, scarce ever 
fail in seeing five distinctly marked, the lower red 
gradually declining into a yellow, the yellow suc- 
ceeded by an intense green, above this a bright and 
lovely blue, and then a soft but glorious mazarine or 
violet colour. | 

The breadth of the spectrum answers to the 
breadth of the sun's circular image. If the prism 
had a smaller angle, the length of the image would 
be less. If I turn the prism so that the rays emerge 
more obliquely, the image soon becomes an inch or 
two longer; but if I turn it about the contrary way, 
so as to make the rays fall more obliquely on the 
side nearest the hole, it soon becomes an inch or 
two shorter: therefore, in repeating this experiment, 
you should be careful so to place the prism that the 
refraction on both sides may be alike. 

This experiment is represented in» plate 6, fig. 9. 
T, the tube through which the sun's beam enters the 
room, in the direction Tol, but is turned out of 
this direction by a glass prism SPD, whose axis is 
perpendicular to the beam; by this the rays of light 
are refracted so as to form a beautiful coloured spec- 
trum, MN, upon the screen, K L. The most re- 
frangible rays being thrown to M furthest from J. 
but the least refrangible being turned less out of 
their course, fall upon a part of the screen N, and 
nearest I, while those that are unfrangible in the 
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intermediate degrees will fall between M and N, 
forming, instead of a circular space, a long spec- 
trum bounded by right: lined sides, and circular ends, 
and whose length is at right angles to the direction 
of the axis of the prism. . 

The size of the hole in the window-shutter, the 
different thickness of the prism through which the 
rays pass, the different inclinations of the prism to 
the horizon, and the various altitudes of the sun, 
make no sensible change in the length of the image, 
nor is it affected by the different matter of which the 
prism is formed, With a prism, whose refracting 
angle is 62% at 185 feet from the prism, the length 
of the image is about g or ten inches.“ 

If the rays were equally refrangible, that is, equally 
inclined to the surface of the prism in the ingress and 
egress, their direction would be only changed; the image 
would be a circle, which will appear sufficiently clear 
by your considering these diagrams. Let ABC, 
plate 6, fig. 8, be a section of a triangular prism at 
right angles to its axis. Suppose JN to be a ray 
incident at N, and thence refracted to E, on the 
surface CB, where it is again refracted into the 
situation EM. Let in be another ray, parallel to 
the former, and consequently incident at z with the 
same angle. un 0 1 | 

Now if the ray, in, has exactly the same capabi- 
lity or disposition to be refracted by the prism, as 
the ray JN, the angles of refraction will be also 
equal, and in will, when refracted into the direc- 
tions ne and em, still continue parallel to the ray 
JN, which is refracted into NE and EM. 7 

But if it be more refrangible, it will be refracted 
into other directions, as nf, fg, verging more to- 


* As the rays af the sun are not always to be obtained, I have 
prepared a small model with coloured silk strings, similar to those 
exhibited in Lecture XVII. to shew the natute aud proportion of 
the coloured rays issuing from a glass prism. 
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wards the base, AC; or, if it be less refrangible, it 
will be refracted into directions, as nh and hk, that 
verge less towards the base ACC. 
Whence it appears, that if a collection or pencil 
of rays fall parallel to each other on one of the sides 
of a prism, and do not proceed parallel to each other 
on their emergence, it must be because some of the 
rays are more refrangible than others. | 

The preceding experiment therefore with the 
prism proves, that the sun's light is composed of rays 
whose refrangibilities are not al the same; for after 
emerging from the prism, instead of illuminating 
a circular space, they are spread into a long spec- 
trum, bounded by right-lined sides and circular 
ends, and whose length is at right angles to the axis 
of the prism. N OR ö | 

Turn the prism, which is so placed that the axis 
is perpendicular to the beam of light, that the image 
may be stationary, and there fix it; this being done, 
look through the prism at the hole, the length of 
the image will appear to be many times greater than 
the breadth; the most refracted part being violet, 
and the least refracted red; the middle parts blue, 
green, yellow, &c. in order. 

Now remove the prism out of the sun-beam, and 
look through it at the hole, and you will have the 


same appearance; if all the rays were equally re- 


fracted, the hole would appear round when refracted 
through the prism. This, therefore, like the pre- 
ceding experiment, proves, that at equal incidences 
there is a considerable inequality of refraction. Be- 
sides the different refrangibility, the foregoing ex- 
periments shew also another remarkable difference 
between the rays; namely, that the different refran- 
gibility of the rays is joined with a difference in colour; 
and all the rays, as they are more or less bent by re- 
fraction, have a colour peculiar to themselves. 
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To render this subject clearer, and to shew that 
these appearances are not accidental, but inherent 
roperties of light, Sir PC, Newton tried what 
would be the effect of refracting the rays of light a 
second time: for this purpose, he let the light re- 
fracted by the first prism fall upon a second prism, 
placed at about one foot from the first; the first 
prism was in an horizontal, the second in a vertical 
situation. An image was formed by the second 
prism, similar both in the arrangement of colours 
and its dimensions, to that in the first experiment, 
with this only difference, that it was not now in a 
vertical, but in an inclined position. Now if the 
effects were only caused by a modification of light 
produced by the prism, the second ought to form 
in breadth the image that the former made in length, 
and thus produce a square spectrum, which is con- 
trary to the fact. The inclination of the spectrum 
is solely occasioned by the unequal refrangibility; 
those rays that were most bent by the first prism, 
being so also by the second; the upper part in both 
prisms suffering a greater refraction, and the lower 
part a less refraction; likewise, as before, the upper 
part appears violet, and the lower part red. 

At plate ©, fig. 10, is a diagram to illustrate this 
experiment. AB represents the second prism in a 
vertical direction, that it may again refract the rays 
which come from the first. By the first prism the 
rays are refracted upwards; by the second, side- 
ways; by the first it is refracted to n, while MN 
is the image formed by the refraction of the two 
cross prisms. The breadth of the image is not in- 
creased, the upper part suffers a greater refraction, 
and the lower a less one in both prisms. 

If a third, and even a fourth prism be placed in 
the same manner after the second, the result will be 
the same; and the most refrangible rays will still be 
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most refracted, and the least the least refracted, 
whilst their colours remain unchanged. : 
Let us now proceed to another experiment. Here, 
as in the first, the light is transmitted through a 
prism, but the coloured image is received on a screen 
which I have placed in the middle of the room; there 
is a hole in the screen, through which the rays of 
any single colour * be suffered to pass alone, by 
raising or lowering the screen. Thus for instance, 
I place the hole against the blue part of the image, 
so that none but the blue rays go through it; these 
are again refracted by a prism: now you see that the 
blue rays, after having passed through the prism, 
continue the same as before, without any manner of 
alteration, forming a blue image on the opposite 
side of the wall, and the figure of this image is cir- 
cular. The direction of the beam is altered, but 
the rays are not dilated or separated into different 


sorts, as the common beam of light was by the first 


prism. I now move the screen to the yellow rays, 
and you observe that these rays falling on the second 
prism are refracted to the side of the room, and 
there form only a yellow spot, and the same with the 
rest of the colours; so that none of these colours are 
changed by refraction. Further, if you place any 
small bodies in these circular images, they will ap- 
pear of the same colour with the image, red in the 
red light, green in the green light, &c. so that the 
colours are no ways changed by reflexion. Again, 
if you look at any of these spots through a prism, 
they still preserve their colour, and are not expanded 
or dilated in length; so that homogencal light suffers 
no manner of alteration in any case. 

In all the trials that have been made, it appears, 
that those rays which are most refracted at first, are 
always most refracted; and those that are least at 
first, are always least afterwards, It is therefore 
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plain, that every ray of light has a peculiar degree of 
refrangibility, which cannot be changed by any reflex- 
tons or refractions, but remains constantly and invaria- 
bly the same. * Wh | 

The different refrangibility of the rays of light is a 
cause of confusion in bodies seen through a refract- 
ing medium; for this will occasion the different rays 
flowing from the same point, to be retracted to dit- 
ferent points on the retina. Thus, small objects 
placed in a sun- beam, and viewed through a prism, 
will be seen but confusedly; but if they are placed 
in a beam of homogeneous: light, separated by a 
prism, they will appear as distinct through a prism, 
as when viewed by the naked eye. 

As the light reflected from all terrestrial bodies 
is the solar light, we may fairly conclude from the 
foregoing experiments, that he light reflected or 
emitted from all bodies, consists of rays differently re- 
frangible: and this may be further proved, for if you 
look at any object through a prism, that object will 
appear tinged with colours. Take a small part of a 
body, illuminate it strongly, and look at it through 
a prism, and you will have an oblong image with all 
the colours; a star, a lamp, a candle, a burning 
coal, a red-hot iron, or any burning matter seen 
through a prism, will present you with the same 
appearances. : 

If you are desirous of seeing a complete specimen 
of analytical reasoning, you should read Sir {saac 
Newton's Optics, where you will find him pursuing 
this subject in a variety of ways; putting nature to 
a thousand proots, in order to establish his deduc- 
tions on a sure foundation. It is impossible for me 
to give you even an impertect idea of this method in 
these Lectures; it will be sufficient if you here at- 
tain 80. much knowledge as will awaken your atten- 
tion to a fuller and closer investigation of the sub- 
ject, Haying shewn you by the preceding experi- 
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ments, that the light of the sun consists of rays 
differently refrangible, I shall now endeavour to 
prove to you, that the rays of light which differ iu 
colour, differ also in refrungibility. 

It is not indeed always necessary that judgment 
should be founded on demonstration in order to 
obtain your confidence, for demonstration is rarely 
to be found. It is expedient, therefore, to study the 
art of judging accurately upon probabilities, which, 
where they can be clearly discerned, are sufficient 
grounds for confidence, until new light break in, 
or circumstances change, whereon a new judgment 
may be formed with similar accuracy. It is the vain 
expectation of absolute certainty that keeps many 
continually wavering and irresolute; for, being afraid 
of trusting to any thing that has not such certainty, 
and being able to find it no where, they live in a 


round of doubts, without being able to settle on any 


one point. You may be assured, that some cou- 
rage, as well as caution, is requisite, either ta secure 
freedom of thought, or open a passage to proficiency 
in any science. | 
Here is an oblong piece of paper, one half of 
which is coloured strongly with red, the other with 
blue; place it upon this piece of black cloth near 
the window, where it will be strongly illuminated; 
now look at it through a glass prism held parallel to 
it and to the horizon, with the refracting angle up- 
wards, the paper will appear broken and divided 
into two parts, the blue half is lifted higher by re- 
fraction than the red. If you turn the retracting 
angle of the prism downwards, so that the paper 
may be carried lower by refraction, the blue half 
will be earried lower than the red half. This expe- 
riment shews clearly, that the light from the blue 
is more refracted, and is therefore more refrangible 
than the light from the red. 


// „ 
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I $hall now wrap a thread of black silk several 
times round a piece of paper, one half of which is 
coloured like that we used in the preceding experi- 
ment, and the thread appears as if it were so many 
black lines drawn upon the colours. Darken the 
room, and set the paper up perpendicularly against 
the wall, so that one of the colours may stand to the 
right, the other to the left; now illuminate it 
strongly with a candle, while with a lens of a long 
focus, I collect the rays, so as to form an image of 
the coloured paper upon the white screen, the sereen 
being at about the same distance from the lens as the 
lens 1s from the coloured paper. 5 
Move the screen backwards and forwards to find 
where the images of the blue and red parts of the 
paper are most distinct; this is easily known by the 
images of the black threads of silk, and you will find 
that where the red half appears distinet, the blue 
half is confused; and, on the contrary, when the blue 
half appear distinct, the red is so confused, that the 
black lines are scarcely visible: the space between 
these two situations of the paper is about an inch 


and an half, the distance of the paper from the lens 


being about six feet. The focal distance of the red 
rays being longer than that of the blue, is a proof 
that the blue rays are more refrangible than the red; 
and we obtain a new demonstration of the difference 
in the refrangiblity from the different focal distances, 
at which the rays proceed from different colours; for 
those whose rays are most refrangible must be col- 
lected and united at the shortest distance. There- 
fore, rays that differ in their colour differ also in their 
degrees of refrangibility. 5 

The different refrangubility of the rays of light is 4 
great obstacle to the perfection of telescopes and micros- 
copes. This is a clear inference from our last experi- 
ment, for no rays issuing from a point can be refracted 


b a lens to a single point. 
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From what has been said it is also plain, that 
if the solar light consisted but of one kind of rays, 
there would be but one colour in the world; or, 
in other words, all things would be of the same 
colour. 

From one experiment to another, Sir Isaac New- 
ton was led to what he justly calls the experimentum 
crucis, which I shall relate to you so as to enable 
you to repeat it at your leisure, as we have alread 
employed as much of our. time 'as can be well spared 
on the subject. He took two thin boards, and placed 

one of them close behind the prism at the window, 
in such a manner that the middle of the refracted 
light might pass through the hole made in it, and 
the rest be intercepted by the board, and be re- 
fracted on the other board, which he placed at about 
the distance of twelve feet; having made a small hole 
in the second board also, and placed it in such 
manner that the middle of refracted light, which 
came through the hole in the first, might pass 
through that of the second, the rest being intercepted 
by the board might paint upon it the coloured spec- 
trum of the sun. | 

He then placed another prism behind the second 
board, so that the light which was transmitted 
through both the boards might pass through that 
— and be again refracted before it arrived at the 
wall. 

This being done, he took the first prism in his 
hand, and turned it about its axis, so as to make 
the several parts of the image, cast on the second 
board, to pass successively through the hole therein, 
and fall upon the prism behind it, that he might 
observe to what places on the wall they would be 
refracted by the second prism; and it appeared, 
that the light which was most refracted by the 
first prism was also most refracted by the second, 
and went to the higher part of the wall; and the 
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light, which was least refracted by the first, was 
also least rcfracted by the second; and that the 
most refrangible was violet, and the least 80. red. 
During the experiment, the two boards and the se- 
cond prism remained unmoved, by which means the 
incidence thereon was always the same; so that with- 
out any difference in the medium some of them shall 
be more refracted than others; and that accordin 
to their different degrees of refrangibility they will 
be transmitted through the prism to different parts 
of the wall. 

Plate 6, fig. 11, VST is the prism that first re- 
ceives the solar light; this is refracted and falls 
the middle of the board PX Q, the middle part of 
which falls upon the second board pxg. By turn- 
ing the prism, VST, slowly forwards and backwards 
about its axis, the image will be made to move up 
and down, so that all the parts from one end to the 
other may be made to pass successively through the 
hole x. a sf, another prism placed to refract the light 
passing through the hole, x, on the screen Y Zy. 
The position of the holes remaining constantly the 
same, the incidence of the rays on the second 
prism was the same in all cases; yet with that com- 
mon incidence some rays are more retracted, and 
others less. 

The rays of light that fall on a reflecting surface 
m the same angle, if reflected at all, are reflected in 
the game angles; consequently, there will be no Such $e- 
Paration in degree of the rays of light by reflexion as 
there is by refraction. This position is readily 
proved. I shall place this plane mirror in an hori- 
zontal position, so as to receive this beam from the 
hole in the window-shutter, and it is thereby, you 
see, reflected to the opposite wall; the figure of the 
reflected light is circular like the hole, but there is 
no separation of the rays as in refraction, nor any 
colours produced by reflexion; the rays, which have 
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the same incidence, running parallel to one. another 

after reflexion, being reflected at equal angles: 
though the most refrangible will be the soonest re- 
flected, if they move out of a dense into a rare me- 
dium; a circumstance which does not in the least 
affect the present proposition. 

The rays of the sun's light, however, which are 
refrangible, are also more reflexible than others. 
L KI, plate 6, fg. 12, represents a prism; the angle, 
K, is a right 4 the other angles, L, I, are 45 or 
equal to each other; I M, a beam of light that passes 
through the surface K I, and is incident at M, upon 
LI. It will emerge in the direction M S; but when 
the angle of incidence at M is such, that the sine of 
the angle of refraction. is equal to the radius, the 
angle of refraction becoming a right one, the ray can- 
not emerge, but will be wholly reflected. 

By turning the prism slowly about its axis until 
all the light which went through one of its angles, 
and was refracted by it, began to be reflected by its 
base, Sir Pang Newton found, that those rays which 
had suffered the greatest refraction were sooner re- 
fleeted than the rest; he therefore conceived, that 
chose rays of reflected light, which were the most 
refrangible, did first of all, by a total reflexion, be- 
come more copious in that light than the rest; and 
that afterwards the rest also, by a total reflexion, 
became as copious as these. To try this, he made 
the reflected ray, plate 6, fig. 12, pass through an- 
other prism T VX, so placed as to separate its com- 
ponent colours by refraction; then in the reflected 
beam, O M, the rays which first begin to be re— 
flected, consisting almost entirely of violet hight, 
were by the second prism so refracted as to fall on 
q, and paint a violet colour, As the first prism 
continues to be turned on its axis, the light is more 
and more copiously reflected, and the colours be- 
tween q and r appear in succession till the red ap- 
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rs, when the reflexion becoming total, the colours 
tormed by refraction at Q RS disappear, as those at 
qs appear. by * 

In the beginning of this Lecture I observed to you, 
that no one kind of ray would exhibit whiteness; it 
is the most surprizing and wonderful composition, an 
assemblage of all the colours of the prism in union. 
Whiteness, or the Solar light, is always compounded; 
and all the primary colours mixed in due proportion, 
are requisite to its formation. I shall illustrate this 
by one of the most celebrated, and most simple of 
Sir Isaac Newton's experiments. 

I darken again our room, and, as in the first ex- 
periment, refract a beam of light by a prism, and 
receive its image on the screen. Let us remove the 
screen, and hold this lens, so that the refracted rays 
may fall upon it; this, you perceive, has occasioned 
the coloured light, which — trom the prism, 
to unite and meet again · at its focus; and you have 
upon a piece of paper held behind the solar image 
intensely coloured: the rays have no sooner, you 
see, passed through the lens, than they begin to 
mix and efface each other, and lose the fine har- 
monious proportion that. was before exhibited in 
the spaces of the coloured image. As you remove 
the paper from the lens, the colours will approach 
more and more to each other, and by mixing to- 
gether will be more and more diluted. You are 
now at the focus, and, you see, they are perfectly 
mixed together, the colours wholly vanish, and are 
converted into whiteness, they forming a small cir- 
cular image totally white; the red no longer dis- 
plays its lively flame, the green boasts no more the 
livery of the spring, nor the blue the lucid robe of 
heaven, but all blended together exhibit the white- 
ness of the sun, from whence they proceeded. Re- 
move the paper still further back, so as to receive 
the rays after haying crossed at the focus, and as 
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they diverge you see they again renew their splen- 
dour and colour, but in a contrary order, the red 
being now above, and the violet below. This re- 
ance of the colours beyond the place where 
they are blended, is a further proof of the immn- 
tability of the primary colours, as it shews that 
they neither lose their colour or quality by being 
blended or intersecting each other, and that the 
whiteness which appears is produced only by their 
mixture. AE 
The whitencss is made up of all the colours of the 
image; for, if any of the rays be intercepted in their 
passage, the whiteness ceases, and degenerates into 
that colour which arises from the composition of 
those which were not intercepted, but suffered to 
pow through the lens; and if the intercepted colour 
again let pass, and fall upon the compound, it 
will immediately restore its whiteness. | 
That in forming the white, the rays do not suffer 
change by acting on each other, is clear; for if you 
hold the paper beyond the focus of the lens, and stop 
the red colour, the violet suffers-no change; nor 
will the violet be changed by stopping the red, and 
letting the violet pass. 
| When the paper is held at the focus, if you look 
through a prism at the white circular image, you will 
have a coloured spectrum; let any ray be inter- 
cepted while the image is thus examined, and then 
let it pass again, and the colour will appear and dis- 
appear as often as you repeat the experiment, the re- 
maining colours not suffering any change; clearly 
shewing, that one colour depends on one kind of 
rays, and another colour on another kind. So re- 
plete and decisive are the experiments of Sir {saac 
* MNewton, that they not = prove the proposition 
they were primarily invented to illustrate, but at the 
same time they also strengthen the truth of other 
propositions. | 
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Convincing as were these experiments, the fertile 
imagination of Newton invented new ones, which, 
though different from each other, all concurred to 
prove the same thing; they seemed to rise under his 
hands, as the poets make flowers spring under the 
feet of their beauties.“ He caused an instrument 
to be made in the form of a comb, with teeth an 
inch and an half broad, and at two inches distance 
from each other; by passing this comb over the lens, 
placed as in the last experiment, part of the colours 
were intercepted by the teeth, while the rest pro- 
ceeded on to the paper, placed at the focus of the 
lens. This image appeared white when the comb 
was taken away, but when this was interposed the 
whiteness was changed into the colour passing 
through the comb. When the motion of the comb 
is slow, the colours, red, yellow, green, blue purple, 
always succeed one another; but when the comb is 
moved quickly, the colours following one another 
with extreme rapidity, cannot be distinguished, and 
from the confusion of the whole there arises one 
uniform colour; the impression of all the colours is 
at once in the same part of the eye, and they jointly 
excite the sensation of whiteness. 

Here is a common boy's spinning top; the sur- 
face is divided and painted into certain propor- 
tions, to accord with the coloured spectrum of the 
prism; by pulling this string I shall make the top 
revolve rapidly on its axis; while it is so revolving 
you can distinguish none of the colours singly, but 
the whole appears white, and this whiteness will be 
greater in proportion as the particular colours are 
brighter. 

The colours produced by the prism are not only 
the most beautiful in nature, but each in itself con- 
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tinues separate and unalterable. When one of these 
primitive rays has been separated from the rest, no- 
thing can change its colour; send it through other 
prisms, refract or reflect it, still it remains unalter- 
able, the red ray preserves its crimson, and the violet 
its purple beauty. Whatever object falls under any of 
them soon gives up its own colour, though ever so vi- 
vid, to use the homogeneal light of the prismatic ray, 
Take a piece of paper, and place it in the red-making 
ray, and it will appear red; place it in the other co- 
loured rays, and you will always find it assume the ra- 
dial colour. Take a piece of coloured paper, and put 
it in the red light, and it will appear red; hold it 
in the yellow, orange, &c. and it will appear yellow, 
orange, &c. respectively. In short, no art can alter 
the colour of a separated ray; it gives teint to every 
object, but will assume none from any; neither 
reflexion, refraction, nor any other means, can 
make it forego its native hue; like gold, it may be 
tried by every experiment, but will still come — 
the same. 

It will be necessary here to explain the method 
used by Sir Js, Newton, to define the boundaries 
of each colour in the prismatic spectrum. You ob- 
served in the image, that though there was a mani- 
fest difference of colour not only between the two 


extremes, but also in the intermediate parts, yet the 


exact place at which any one colour ended and an- 
other began was far from being sufficiently distin- 
guishable; this indistinctuess was occasioned by rays 
of every kind, proceeding from all parts of the sun's 
disk; an entire image of the sun is projected on the 
paper, consisting of a circle of each particular co- 
lour: and as the rays differ in kind by infinitesimal 
degrees, from the extreme red to the extreme violet, 
there must, in fact, be thousands of these circles in 
the oblong image, the centers of which are infinitely 
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near to each other, so that the light is intimately 
mixed, especially in the middle of the image, where 
it is brightest. | 

He therefore considered, that if these circles 
could be made less, while their centers kept the same 
distance and positions, their interference and mix- 
ture with each other would be proportionably dimi- 
nished; and that they would be so diminished, if 
without the room at a great distance from the prism, 
towards the sun, an opake body were interposed, 
having a round hole in the middle of it, to intercept 
all the sun's light, except as much as coming from 
the middle of its disk could pass through that hole 
to the prism; for then the separate circles would 
no longer answer to the whole disk of the sun, but 
only to that part of it which can be seen from the 
prism through that hole. But to make these circles 
answer more distinctly to the hole, a lens is to be 
placed by the prism, to cast the image of the hole; 
that is, of each separate circle distinctly on the 
paper. $544 [214 1 

At about ten or twelve feet from the window Sir 
Isaac Newton placed a lens, by which the image of 
the hole might be distinctly cast upon a sheet of 
paper at six, eight, ten, or twelve feet from the lens. 
Immediately after the lens he placed a prism, by 
which the reflected light might be thrown upwards 
or sideways; moving the paper that received the 
mage nearer to or further from the prism, till he 
found the situation, where the sides of the image 
were, more distinct. 
Plate 6, fig. 13, F is the hole in the window- 
Shutter; MN a lens, whereby the image of that 
hole is cast distinctly on the paper at I; ABC a 
prism to refract the rays, emerging from the lens 
to another paper at p; the round image, at I, is 
thereby turned into an oblong image, 7, falling gn 


the other paper. The image, pr, consists of circles 
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like a musical chord, and were in proportion to one 
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placed one after another in rectilinear order, the 


circles are equal in magnitude to the circle I; con. 


sequently, by diminishing the hole F, they may be 
at pleasure diminished, whilst their centers remain 
in their places. By this means, the breadth of the 
image, p:, may be made forty times, and sometimes 
sixty or seventy times less than its length, and 


thereby the mixture of the rays as much or as little as 


you please. | 
By this means he obtained a distinct termination 
of the images of the hole without w penumbra, and 
therefore only extending the least degree into each 
other, and consequently there was very little mix- 
ture of hetcrogeneal rays. By enlarging or dimi- 
nishing the hole in the window-shutter, he made 
the circular images greater or less at pleasure, and 
thereby the mixture of rays in the oblong image was 
as much or as little as he chose; sometimes making 
the image forty times, and sometimes sixty or seventy 
times less than its length. 
Thus the light was rendered sufficiently simple 
ſor trying any of his experiments about homogeneal 
light, the heterogeneous rays being so few as hardly 


to be perceived, excepting in the indigo and violet, 


which being dark colours easily suffer an allay, even 
by the little scattering light refracted — WP by 
the inequalities of the prism. 

When he had thus got the sides of the coloured 
image distinctly defined, he delineated the outlines 
of it on paper, holding the paper so that the image 
might fall on the paper, and coincide with it ex- 
actly; while an assistant marked the confines of each 
colour, by lines drawn across the image. This was 
frequently repeated, both on the same and different 
papers; the observations were found to agree well 
enough with each other, and the sides were divided 


another, as the numbers 1, 5, 8, I, 4, 45 1. and 4, and 
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so represented the chords of the key, and of a tone, 
a third minor, a fourth, a fifth, a sixth major, a se- 
venth, and an eighth above that key. 

The length of the spaces, which OG primary 
colours possess in the spectrum, exactly corresponds 
to those of the chords that sound the von — in 
the diatonic scale of music. 

From this reasoning, colours and sounds have 
been thought to be, in some respect, similar. There 
are seven notes in music; there are also so many pri- 
mary colours: the distance between each note is as- 


certained; a similar distance is also ſound between 


each coloured ray. But the diversities between them 
are more numerous than the similitudes. The com- 
bination of tones increases their beauty; but the 
combination of colours deadens their effect. The 
succession of sounds has a wonderful influence on 
the mind; the succession of colours has scarce any. 
Notwithstanding this, Pere Castel has written a trea- 
tise, to prove that as the ear finds pleasure in the 
Succession of sounds; so the eye may have a similar 
one from the succession of colours. For this pur 
pose, he constructed an ocular harpsichord, which, 
instead of sounding to the ear, presented colours to 
the eye: the prismatic rays furnished the notes, and 
the shades between were substituted for the semi- 
tones. Sounds furnish the ear with all its pleasures, 
but colours furnish the eye but with half its pleasure; 
therefore little is to be expected from the music of 
colours. To make such an instrument satisfy the 
sense of sight, the beauty of ſigure must be united 
to that of colour. 

The foregoing principles account for several phe- 
nomena, that were inexplicable before Sir 1saac New- 
fon had investigated the theory of colours, Among 
others, why, upon looking at any object through a 
pris, the edges only appeared tinged with colours, 
and that in Re” Thus; - when you look - 
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through a prism at any object, if not too small, 


particularly if it be white, the edges only of the 


object are coloured; one edge red, orange, and yel. 


low; the other blue, indigo, and violet. These co- 


lours are the extremities of so many images of the 
object, as there are rays of light differently refran- 
gible. This will be best explained by a diagram, 
Let AB CD, plate 6, fg. 17, be a white figure, 
viewed through a prism HIK; CE, DE, are rays 
proceeding from the extremities, which, if the prism 
were not interposed, would meet at E; but by means 
of the prism, are unequally refracted; the red uniting 
in G, the violet at F; the intermediate one between 


G and F, into as many points as there are rays dif- 


terently refrangible. The eye being situated $0 as 
to receive these rays, sees, in this refracted direction, 
the image, aosp, augmented in height, by the 
quantity %, which is that of the rays, separated 
by refraction. The edges of this image are -co- 
Joured; the lower edge red, from à to c; orange, 
from c to d; and yellow, between d and e. At the 
upper edge, blue, from / to m; indigo, from m to n; 
violet from n to vo. From what we have said, it is 
easy for you to perceive, that these colours are the 
extremities of so many images of the object; each 
colour occupying a space, equal in extent to that of 
the card AB CD, which receives the light of the sun, 
which light is composed of all the rays. The red 


image, therefore, extends from @ to 6; the orange, 
from c to i; the yellow, from d to &; the green, 
from e to /; the blue, from F to m; the indigo, from 


g ton; the violet, from ꝝ to o. 

This explains clearly, why the extremities only are 
coloured, while the middle remains white; the co- 
lours anticipate one on the other, so that they are all 
mixed together in the space between +4 and 6; in the 
mall intervals between e and +, and 5 and J, it 1s 
nearly white. It is only from à to e, and from I to a, 
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that the colours are sufficiently pure and unmised, 
to be. apparent. 

If the object you look at through the prism is 
small, and viewed at a distance, the whole surface 
is coloured; for when the object is small, each objeet 
occupies less space; whilst the quantity that the rays 
are separated from each other, is the same, they are 
consequently less mixed, and more apparent. 

If a black object be surrounded with a white one, 
the colours which are perceived, are to be derived 
from the light of the illuminated object spreading 
into the regions of the black; and therefore they ap- 
pear in a contrary order to what they do when a white 
object is surrounded with a black one. | 

It is the same when an object is viewed, the parts 
of which. are less luminous than others; for, in the 
borders of the more or less luminous parts, colours 
ought always to arise from the same principle, viz. 
from the excess of light of the more luminous object, 
and to be of the same kind as if the darker parts 
were black, but yet to be more faint and dilute. 

What is said of colours made by prisms, may be 
easily applied to the colours made by the glasses of 
telescopes and microscopes, or by the humours of 
the eye; for, if the object-glass of a telescope be 
thicker on one side than the other, or if one half of 
the glass, or one half of the pupil of the eye, be co- 
vered with any opake substance, the object- glass, or 
that part of it or of the eye which is not covered, may 
be considered as a wedge with crooked sides: and 
every other pellucid substance has the effect of a 
prism, in refracting the light that passes through its 
substance. 

Though the foregoing theory of light and colour 
was first fully and clearly investigated by Sir Isaac 
Newton, yet some traces thereof are to be found 


% 


among the ancients. | | p 
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Plato does not seem to have been altogether ip. 
norant of the Newtonian system of colours; 155 
be calls them the effect of light transmitted from 
bodies, the particles of which were adapted to the 
organs of sight. Now this is precisely the same 
with what Sir Laac teaches, that the different 
sensations of each particular colour are excited in 
us by the difference of size in those small particles 
of light which form the several rays; those small 
particles of hight occasjoning different images of 
colour, as the vibration is more or less lively with 
which they strike our senses.“ Plato hath gone 
further: he has entered into a detail of the compo- 
sition of colours, and inquired into the visible ef. 
fects that must arise from a mixture of the different 
rays of which light itself is composed. He thought 
certain rules might be laid down on this subject, if, 
in following and imitating nature, we could arrive 
at the art of forming a diversity of colours by the 
combined intermixture of others; adding afterwards 
what may be considered as the noblest eulogium ever 
made on Sir 1saac Newton. © Should ever any one, 
exclaims this sublime philosopher of antiquity, © at- 
tempt, by curious research, to account for this 


admirable mechanism, he will, in doing so, but 


manifest how entirely ignorant he is of the differ- 
ence between divine and human power, It is true, 
God can intermingle those things one with another, 
and then sever them at his pleasure: because he is, 
at the same time, all knowing and all powerful: 
but there is no man now exists, nor ever will, perhaps, 
who shall ever be able to accomplish things so very 
difficult.“ What an eulogium are these words in 
the mouth of such a philosopher as Plato, and how 
glorious is he who hath successfully * 
what appeared impracticable to that prince of philo- 
sophers! And what an elevation of genius, what 
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piercing penetration into the most intimate secrets of 
nature, displays itself even in the passages recited 
from Plato, when we consider that philosophy was 

then but in its infancy. 


\ 


—— —ů—ů ů ů 
LECTURE XX. 
OP THE RAINBOW. 


Wurx we look back upon the knowledge of the 
several periods of time with which history has left 
us any acquaintance, and compare it with the pre- 
gent, reviewing at the same time the improvements 
of the two last centuries, and compare them with 
the whole series of what preceded, we can scaree 
avoid regarding the later period with a respect that 
approaches to veneration. | 
t is not to be doubted, but. that men have at all 
times the same natural abilities. That many of the 
sages of antiquity were men of the greatest ability, 
and most extensive genius, they have left sufficient 
evidence in the records of their works. The gl 
of the present period is, that genius and application 
have been directed into a proper course, that men 
have studied things instead of words, and have built 
their systems upon facts, not, like their predeces- 
sors, on theories. | 
I would not be understood as desirous of taking 
from the venerable fathers of erudition all claim to 
useful discoveries; for their writings give us testi- 
mony of inventions which the most enterprizing 
geniuses of these ages have found it impossible to 
equal; but these are few. With us knowledge is 
the offspring of experiment, and we adyance nothing 
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as a principle, but what is in a degree demonstrable, 


and what can be in some way put to the test of 


experience. On this stable foundation science has 
risen to its present height, a situation in which the 
most sanguine of the writers in the obscurer ages 
could never have expected to see it; and yet far 
below that degree of perfection to which I think it 
possible it may arrive, and to which by these very 
means it may be carried. It is not easy to say what 
will be the triumphs of modern application joined to 
modern genius, nor to say where it will stop, while 
there is the same ardour in the pursuit, the same 
principles to work upon, and an infinite number of 
facts ascertained. N | 
The colours of the rainbow, which struck anti- 
quity with amazement, no longer now create the 
philosopher's surprize. To Pliny and Plutarch it 
appeared as- an object which we might admire, but 
could never explain. Kepler seems to have been the 
first, who supposed that it might arise from the re- 
fraction of the sun's rays upon entering the rain 
drops. Antonio de Dominis enlarged a theory just 
hinted at by Kepler. Each succeeding philosopher 
went on in improving a theory, the truth of which 
seemed to carry a great probability; but as they were 
ignorant of the true causes of colour, they left the 
task unfiniched for Newton to complete. You will 
find, that the theory of the rainbow, as explained by 
him, is full, clear, and will impress your mind with 
rfect conviction, 2 51 * 
Of the various meteors the rainbow is one of the 
most pleasing: its colours not only delight the eye 
with the mildness of their lustre, but encourage the 
spectator with the prospect of succeeding serenity. 
It is almost needless to describe this meteor, as 
there are very few but must have surveyed it with 
pleasure and surprize. You know that it is only 
seen when the spectator turns his back to the sun, 
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and when it rains on the opposite side. Its colours, 
beginning from the under part, are violet, indigo, 
blue, green, yellow, orange, red, so that it con- 
tains all the beautiful and simple shades of the 
prism; without the first, there is often an external 
rainbow, whose colours are less vivid and ranged in 
an opposite order, beginning from the under part, 
red, orange, yellow, green, blue, indigo, violet. 
Sometimes we see halt, sometimes an whole bow; 
frequently one, very often two, nay three have been 
scen. Though the rainbow is generally formed by 
the reflexion of the rays of the sun's light, from 
the drops of falling rain, it frequently appears among 
the waves of the sea, whose heads or tops are 
blown by the wind into small drops; it is also 
sometimes to be seen on the ground, when the sun 
$hines on a very thick dew. Cascades and fountains, 
whose waters in their fall are divided into drops, 
will exhibit rainbows to a spectator, properly situ- 
ated, during the time of the, sun's shining. This 
appearance is also seen by moon-light, though sel- 
dom yrvid enough to render the colours distinguish- 
able; and an artificial rainbow may even be produced 
by candle-light on the water, which is ejected: by a 
small fountain, or jet d'cau.* All these are of the 
same nature, and dependent on the same causes, 
some idea of which may be formed by considering 
these diagrams. 

Let the circle 7 D, plate 7, fig. 12, and g de, 
Fg. 13, represent two drops of water; Ss, fig. 12, 
a ray of light falling obliquely on the drop of water 
at s, instead of continuing in its direction towards F, 
is refracted to 7, whence it will be in part reflected 
to e, making the angle of incidence equal to the 
angle of reflexion, where, instead of going on di- 


* But the most natural, and pleasing is by means of the air- 
fountain, placed in the sun's rays, which the reader will see de- 
seribed in vol, i, page 135. Eprr. 
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rectly to , it will be again refracted by passing ob- 


liquely out of the water into the air. 

But as this ray of light consists of a pencil of rays, 
some of which are more refrangible than the others, 
the violet, which is most so, will proceed towards B, 
and the red, which is the least, towards O. If 
then the eye of the spectator be so placed at O, that 
the ray of light falling upon it from the drop of 
water has been once reflected and twice refracted, 
so that eO shall make with the solar ray 68 an an- 
gle SFO of 42 2“, he will see the red ray in the 
direction er; for it has been found by computation, 
that the greatest angle, under which the most re- 
frangible rays, after one reflexion, can come to the 
eye of a spectator, is 40” 17“; and that the greatest 
angle under which the least refrangible rays come to 
the eye is 42 2“ | 

If the eye be afterwards raised to B, so that the 
ray, eb, forms with the solar ray only an angle of 
407“, he will see the violet ray in the direction 
5 B, and the intermediate colours at intermediate 
directions. The same thing takes place if, the eye 
of the spectator remaining in the same space O, 
the drop of water descends from D to E; or if you 
suppose this space filled with drops of water, you 
will then see at the same time all the prismatic 
colours. The rays which have the intermediate 
degrees of refrangibility will come most copiously 
from drops between D and E, and exhibit the inter- 
mediate colours in the order which their degree of 
refrangibility requires. X 

Now what has been said of one globe or drop of 
water, 1s true of millions of drops. Let us now 
imagine a number of such drops of rain, placed in 
the circumference of a semicircle, in the center of 
which is the eye of the spectator, and we shall have 
a semicircular band, adorned with the seven pri- 
mitive colours, and whose breadth will be equal 
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to D E, that is, in proportion to the difference be- 
tween the most and . refrangible rays. 

To explain the exterior bow, let us suppose a 
ray of light Ss, fg. 13, from the sun, falling ob- 
liquely on a drop of water, represented by the cir- 
cle g ds; instead of continuing in its original di- 
rection to a, it is refracted to d, from whence it 
will be in part reflected to 2; falling again on 
the concave surface, a part will be again reflected 
towards g, where it will pass into the air again, 
and be refracted a second time. This ray of light, 
like the preceding, will be now decomposed; the 
red, which is the least refrangible, will proceed to 
O; and the violet, which is the most so, to B. 
Now an eye situated at O, so as to receive the ray 
of light, which having been twice refracted and 
twice reflected by the drops of water, makes with 
the solar ray an angle, Sh O, of 50* 55”, will see the 
red in the direction O r; if the eye is lowered to B, 
so that the angle, S þ B, is 54" 7”, it will perceive the 
violet ray; and in proceeding from O to B, all the 
prismatic colours successively. | 

It has been found, that the smallest angle under 
which the least refrangible rays can come to the eye 
after two reflexions is 50* 7”, and that the smallest 
angle under which the most refrangible can come is 
54 7“. Hence, if the sun were a point, the dia- 

D Point, 
meter of the exterior bow would be 3107, and that 
of the interior bow 1* 457, and the distance between 
them 8? 55”; but as his body subtends an angle of 
32 5”, each bow will be increased by that quantity, 
and their reciprocal distance diminished. 

The same effects would take place if the eye of 
the observer were fixed at O, and the drop of water 
ascended from G to H; or, if you suppose this space 
filled up with drops of water, all the prjsmatic. co- 
jours will be seen at the same time, the drops be- 
tween G H striking the sense with the intermediate 
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colours, in the order of their refrangibility. If, as 
in the preceding case, you imagine a series of such 
drops situated in the circumference of a semicircle, 
in whose center is the eye of the spectator, you 
will have a second semicirele, enriched with seven 
primitive colours, but in contrary order to the first 
bow. Thus there will be formed two bows of co- 
lours, an interior and stronger by one reflexion in 
the. drops, and an exterior and fainter by two re- 
flexions, the light becoming fainter by every re- 
flexion: their colours will be in a contrary order to 
each other, the red of both bows bordering upon the 
space which is between the bows, 

What has been here only supposed, really takes 
place when the rain falls; so that when the rain and 
the sun, with regard to the spectator's horizon, are 
in opposite parts of the heaven, there is a sufficient 
number of drops in a proper situation for the emer- 
gent rays to form with the incident rays the angles 
necessary to produce a rainbow, Let E, F, G, H, 
plate 7, fig. 14, represent drops of rain, on which the 
solar rays S E, SF, SG, SH, are incident; these 
rays, after having been twice refracted at E and F, 
and once reflected, fall upon the eye at O. The 
angle, S EO, formed by the incident ray SE, and 
the emergent ray, EO, being 40 47”, the violet co- 
lour will be perceived at E; the angle, SF O, formed 
in the same manner b che — ray SF, and 
the emergent ray FO, —— 42” 27, the red is per- 
ceived at F; the drops of __ between E and F, 
sending to the eye the necessary emergent ray for 
producing the intermediate colours. 

Thus also the rays SG, SH, after two refrac- 
tions and two reflexions, are 4150 directed towards 
the eye placed at O. The angle S G O, formed by 
the incident ray 8G, and the emergent. ray GO, 
being 505 57”, the red is scen at G; the angle SH O, 
formed by the incident ray S H, and the emergent 
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ray, HO, being 54 7”, the violet is seen at H, the 
other drops of rain which are between G and H, 
furnish the intermediate colours. The same may be 
said of the rest of the drops constituting the two 
semicircular bands AF BE, CH DG. | 

This may be illustrated by experiment, for if the 
rays of light fall on the surface of a glass sphere filled 
with water, they will be refracted to the other side, 
and there exhibit a coloured spot of refracted light; 
from this part, the rays will be reflected to another 
part of the lower surface, and there be refracted a 
second time into the air, and dilated into all the 
different coloured rays, so that if a person's eye was 
placed under such a globe, he would observe all the 
different colours appear in that globe. For this pur- 
pose, here is a globe filled with water, which I shall 
suspend in a sun-beam, at such a height that you 
may casily observe this phenomenon. You see it 
now receives the light on the upper part, refracts it 
from the lower into all its different coloured rays, 
forming thereby a circle of coloured light on the 
tloor much resembling the rainbow. Now, if you 
place yourself in such manner respecting the globe, 
that the rays of light of different colours may suc- 
_ cessively fall upon the eye, then you will see all 

those colours in the globe which before formed the 
variagated arc upon the floor. 

This is a case exactly similar to the rainbow; for 
if this globe of water was placed in the heavens, it 
is evident that the sun- beams would be refracted 
through it as they are here. 

To illustrate the nature of the second bow, we 
must let the sun- beam fall upon the lower part of the 
globe; you see plainly the coloured spot behind, to - 
which it is refracted; cast your eye on the upper 
part, and you perceive the point to which it is re- 
flected, from whence it is a second time reflected to 
the fore part of the globe; and from thence you see 
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it a second time refracted out of the globe into the 
air, and the beam thertby dissipated into all its dif. 
ferent coloured rays; and you see by the colours on 
the floor, that the several rays in the beam lie in a 
different order from what they did when refracted 
from the globe before: and also you will perceive, 
that the colours of the beam are more dilute and 
faint than they were in the first experiment. 

It was by this experiment that Antonio de Dominis 
undertook to explain the cause of the rainbow, 
Filling a glass globe with water, hung at a certain 
height opposite to the sun, and standing himself 
with his back to the sun and his face to the globe, 
he found, when this was in such a situation, that 
a ray darting from the sun to the globe made an 
angle with another ray going from his eye to the 
globe of 42 3“, he found the globe appeared red. 
If the position of the globe was altered, so as to 
make the angle between the solar and visual ray less, 
then the other colours of the rainbow arose from 
red down to violet, which appeared at an angle of 
40? 17”. 

You will now be able to account for all the phe- 
nomena of the rainbow; it appears always of the 
same breadth, because the degrees of refrangibility 
of the red and violet rays, which form the extreme 
rays, are always the same. The rainbow forms a 
greater or smaller portion of a circle. Our eye is a 
point of a cone, and the rays that proceed from it at 
the above-mentioned angles form the surface of the 
cone; the coloured circle is the base, part of which 
is visible, while the earth cuts off the part which lies 
below the horizon. The portion in view is of course 
greater or smaller, as the line of sight is more or less 
melined to the horizon; this obliquity increases in 
proportion to the elevation of the sun; consequently 
the size of the bow diminishes as the altitude of the 
sun increases. To make this plainer, suppose the 
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spectator on the top of a very high mountain, and 
the rain falling at some little distance from him, in- 
stead of a semicircular rainbow he would then see a 
complete ring of that beautiful meteor; a circle not 
like our common bow, cut off by the earth, but 
complete and beautiful; and such is WP scen 
from the American Andes. 

From hence we see why there is no rainbow, 
when the sun is above a certain altitude; the conical 
surface under which it becomes visible being below 
the horizon, when the altitude of the sun is more 
than 42 degrees; if the altitude is more than 42, but 
less than 54, the exterior bow may be visible, though . 
the interior bow is invisible. Sometimes the rain 
does not occupy a space extensive enough to com- 
plete the bow, only a portion of an arc will in such 
cases be visible; and the appearance of this portion, 
and even the bow itself, will be various, according 
to the nature of the situation and the space *, 
by the rain. 


OF THE SEPARATION OF THE ORIGINAL RAYS Or 
LIGHT BY REFLEXION OR TRANSMISSION, BUT. 
DEPENDING ON THE THICKNESS OF THE ME- 
DIUM UPON WHICH THEY ARE INCIDENT. | 


The foundation of a rational theory being laid, it 
next became natural to inquire by what peculiar 
mechanism in the structure of each particular body, 
it was fitted to reflect one kind of rays more than 
another. This Sir 1saac Newton attributes to the 
density of these bodies. This subject is not so clear 
as the preceding; the present theory suggests many 
doubts to every inquisitive mind, and is allowed by 
all to be attended with difficulties. There are no 
optical experiments, however, in which, Sir [saac 
Newton seems to have taken more pains, than those 
relating to the rings of colours which appear in thin 
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plates, and which I am going to explain to you; in 
all his observations and investigations concernin 
them, he discovers the greatest sagacity, both as a 
philosopher and a mathematician. 50 
The bubbles which children blow with a mixture 
of soap and water, were observed by Dr. Hoke to 
exhibit various colours according to their thinness, 
and that when they have a considerable degree of 
thickness, they appear colourless; from this the 
present theory has taken its rise, It is thus that 
things, overlooked by the rest of mankind, are often 
the most fertile in suggesting hints to those who are 
habituated to reflexion. 5 
Sir HLaac Newton blew up a large bubble from a 
strong mixture of soap and water, and set himself 
attentively to consider the different changes of colour 
it underwent, from its enlargement to its dissolution. 
He in general perceived that the thinner the plate 
of water which com the sides of the bubble, 
the more it reflected the violet colour ray; and that 
in proportion as the sides of the bubble were more 
thick and dense, the more they reflected the red: 
he therefore was induced to believe, that the colours 
pf all bodies proceeded from the thickness and den- 
sity of the little transparent plates of which they are 
composed. To bring this opinion nearer to cer- 
tainty, it was necessary to measure the thickness of 
the plate of water which composed the bubble; but 
this was a matter of great difficulty, as the bubble 
was of itself of too transient a nature to undergo the 
necessary experiments. . 

Sir Baac, who was ever fertile in expedients, re- 
collected having observed, that as two prisms were 
compressed hard together, in order to make their 
sides (which happened to be a little convex) touch 
one another, they were both as perfectly trausparent 
in the pluce of contact as if they had been but one 
piece of glass; but that round the point of contact, 
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where the glasses were a little separated from each 
other, rings of different colours appeared. 85 
To observe more accurately the order of the co- 
lours produced in this manner, he placed a glass lens, 
whose convexity was very small, upon a plane glass. 
Now it is evident, that those would only touch at 


one particular point; and therefore, at all other 


places between the adjacent surfaces, a thin plate of 
air was interposed, whose thickness increased in a 
certain ratio, according to the distance from the 
point of contact. _ 178 

He pressed these glasses slowly together, by which 


means the colours very soon emerged, and appeared 


distinct to a considerable distance; next to the pel- 
lucid central spot made by the contact of the glasses, 
succeeded blue, yellow, white, yellow and red. The 
blue was very little in quantity, nor could he discern 
any violet in it; but the yellow and red were very 
copious extending about as far as the white, and 
four or five times as far as the blue. The next cir- 
cuit immediately surrounding these consisted of vio- 
let, blue, green, yellow, and red; all these were very 
copious except the green, which was very little in 
quantity, and seemed more faint and dilute than the 
other colours. The third circle of colours was pur- 
ple, blue, green, yellow, and red; in this the purple 
was more reddish than the violet in the former cir- 


cuit, and the green was more conspicuous, being as 


bright and copious as any of the other colours, except 
the yellow; the red was also somewhat faded. The 
fourth circle consisted of green and red; the green 
was copious and lively, inclining on one side to blue, 
on the other to yellow, but there was neither violet, 
blue, nor yellow; and the red was very imperfeot 
and dirty. Each outer circuit or ring was more 
obscure than those within, like the circular waves 
upon a disturbed sheet of water, till they at last 
ended in perfect whiteness. | 
VOL. 11, ie 
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As the colours were thus found to vary according 
to the different distarices of the glass plates from 
each other, Sir Huuc judged that. they proceeded 
from the different thickness of the plate of air inter- 
cepted between the glasses; and that this plate was, 
by the mere cireumstance of thinness or thiekness, 
disposed to reflect or trahsmit this or that particular 
colour; from whence he concluded, as before ob- 
served, that the colours of all natural bodies de- 
pended on their component particles. He also con- 
structed a table, wherein the thickness of à plate 
necessary to reflect any particular colour, was ex- 
pressed in parts of an inch, divided into 1,000,000 
parts. 8 


102 


The appearance of these circles, when the glasses 


were most compressed, so 4s to make the black spot 
appear in the center, is delineated plate 7, fig. 15, 
where a, b, c, d, e; f, g, h, i, k; l, m, n, o, p; q,r; 
8, t; u, x; y, z, denote the colours reckoned in or- 
der from the center, viz. black, blue, green, yellow, 
red, purple, blue, green, yellow, red; green, red 
greenish blue, red; greenish blue, reddish white. 

I have already observed to you, that the thin 
plates, made use of in the former experiments, re- 
flected some kinds of rays in particular parts, and 
transmitted others in the same parts. Hence the 
coloured rings appeared variously disposed, accord- 
ing as they were viewed by reflected or transmitted 
light; that 1s, according as the plates were or were 
not held up between the eye and the window. That 
you may understand this better, here is a table, on 
one side of which are mentioned the colours appear- 
ing on the plates by reflected light, and on the 
other, those which were perceived when the glasses 
were held between the eye arid the window. The 
center, when the glasses were in full contact, was 
perfectly transparent; this spot, therefore, when 
viewed by reflected light, appeared black, beeausc 
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25 it transmitted all the rays; and for the same reason it 
5 appeared white, when viewed by transmitted light. 
- Colours by reflected light. || Colours by transmitted light 
18, Black La White | 
8s, Blue | Vellowish red 
ar White Black 
b Yellow || Violet 
e- Red Blue 
19 Violet White 

Blue Yellow 

Green Red 

Yellow Violet 

5 Red Blue 

* Purple Green 
rw Blue Yellow 
5 Green 
r S - of 
er- Red | ALSO green 
W, Green Red | 
d; Red Bluish green 
2 Greenish blue Red | 
in Red 
re- | 
nd In comparing the rings produced by transmitted 
he with those produced by reflected light, the white 
d- was ſound opposed to the black, the red to the blue, 
ed the yellow to the violet, and the green to a colour 
ere | of red and violet; in other words, the 
hat parts of the glass that, when looked at, where white, 
on appeared black on looking through the glass; on 
ar- the contrary, those which appeared black in the first 
the mstance, appeared white in the second; and so of 
ses _ the other colours: which you will more readily 


he comprehend by considering this figure, where AB, 
vas CD, plate 7, fig. 17, represent the glasses which 
ef touch at E; the black lines traced between them are 
USE he distances between the two curfaces, at different 

OC 2 | 
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distances from the center, each distance answering 
to a coloured ring; the colours written above are 
those seen by reflected light; those underneath, are 
the colours exhibited by transmitted * Newton 
has shewn, that the rays of any particular colour are 
disposed to be reflected, when the thicknesses of the 
plate of air are as the numbers 1, 3, 5, 7, 9, 11, &c. 
and that the same rays are disposed to be transmitted 
at the intermediate thicknesses, which are as the 
numbers O, 2, 4, 6, 8, 10, &c. brY 
The places of reflexion or transmission of the se- 
veral colours in a series, are so near each other, that 
the colours dilute each other by mixture; whence 
the number of series, in the open day-light, seldom 
exceeds seven or eight. But if the system be viewed 
through a prism, by which means the rings of va- 
rious colours are separated according to their refran- 
gibility, they may be seen on that side towards which 
the refraction is made, so numerous that it is impos- 
sible to enumerate them. Or, if in a dark chamber 
the sun's light be separated into its original rays by a 
prism, and a ray of one uncompounded colour be 
received upon the two glasses, the number of circles 
will become very numerous, and both the reflected 
and transmitted light will remain of the same colour 
as the original incident ray. This experiment shews 
that in any series, the circles formed by the less re- 
frangible rays exceed in magnitude those which are 
formed by the more refrangible; and, consequently, 
that in any series the more refrangible rays are re- 
flected at less thieknesses than those which are less 
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refrangible. J 

Water applied to the ' edges of the glass, is at- 
tracted between them; and, filling all the intercedent 
space, becomes a thin plate of the same dimensions 
as that which before was constituted of air: in this 
case, the circular rings grew less, and the colours 
were fainter, but not varied in species. They were 
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contracted-in diameter, nearly in proportion of seven 
to eight, and, consequently, the intervals of the 
glasses at similar circles, as caused by these two me- 
diums, are as about three to four; that is, as the 
sines of refraction out of water into air. 
J have already mentioned to you- the. variety of 
colours produced by bubbles blown in s0ap-water; 


but, as these colours are commonly too much agi- 


tated by the external air to admit of any certain ob- 
servation, it is necessary to cover thr bubble with a 
clear glass,“ in which situation you will find the 
following appearances: the colours emerge from the 
top of the bubble, and as it grows thinner, by the 
subsidence of the water, they dilate into rings paral- 
lel to the horizon, which descend slowly, and vanish 
successively at the bottom. This emergence con- 
tinues till the water at the upper part of the bubble 
becomes too thin to reflect the light, at which, time 
a circle of intense blackness appears at the top, which 
slowly dilates, sometimes to three quarters . an inch 
in breadth, before the bubble breaks. Reckoning 
from the black central spot, the reflected colours 
are the same, in- succession and quality, as those 
produced by the afore- mentioned plate of air; and 
the appearance of the bubble, if viewed by transmit- 
ted light, is similar to that of the plate of a air in like 
eircumstances. 

Take very thin plates of tale, or Muscovy glass, 
that exhibit these colours; then, by wetting the 
plates, the colours remain as before, but become 
more faint and languid, especially when wetted. on 
the under side. So that the thickness of any plate 
* to produce any colour, seems to depend 


only on the density of 5 Wee not on the WFaaity 
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ef the incloving medium. But the colours are more 
vivid, as their densities are different. 
| If ewo pieces of plate or <ven eominon plac, 
be wiped, and then rubbed together, they 
will soon adhere with a considerable degree of force, 
and exhihit various ranges of colours, mach broader 
chen those obtained by lenses. One of the most 
remarkable ciroumstances attending this method of 
making the experiment, is the facility with which 
. eden may be removed, or even made * dis- 
—4— by heats too low to separate the glasses. 
A touch of the finger immediately causes the irre- 
gular rings of colours to contract towards their cen- 
ter, in the part touched. 
From chese experiments it appears plain, that the 
colours of bodies depend, in some degree, upon the 
thickness and density of the particles chat compose 
them. 

Hence, if the density, or size of the particles in 
the surſnce of a body be changed, the colour is like- 
wise 7 
When dhe thickness of the partieles of a body is 
such, that one sort of light or one sort of colour is 
reflected, another light or other colours will be 
transmitted; and therefore the body will appear of 
the first colour. 

A certain determinate thickness seems to be ne- 
in a plate of water; ſor example, in order to 
reflect a particular colour, and a different thiekness, 
to make it reflect any other colour; and, in general, 
that a less thickness is necessary to reflect the most 
refrangible rays, as violet and indigo, than those 
which are least refrangible, as red and orange. 

The particles of bodies reflect rays of one colour, 
and transmit those of another; and this is the ground 
of all their colours. 
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or THE TRANSIENT STATE INTO WHICH A RAY 
or LIGHT is PUT IN ITS PASSAGE THROUGH 
ANT RFFRACTING SURFACE, WHICH, IN THE 
PROGRESS OF THE BAY, RETURNS AT EQUAL 
INTERVALS; AND DISPOSES THE RAY AT EVERY 
RETURN T0 RE TRANSMITTED, AND BETW.BEN 
THY RETURNS, TO BE Wörserer TO IT. 


In order to account for the interyals of the co- 
loured rings in these thin ates, and also all 8 
cases of the reflexion or transmi ion e | 
Isaac Newton advances 9 hypothesis; but, like a 
wise man and cautious pt kilosopl er, he — 4 not 
to lay much stress upon it, though he seems not to 
entertain any suspicion of us truth. Indeed, it 
seems to be a king of fair inference from the pre- 


ceding experiments. 

The hypothesis is this: that every ray of light is, 
at iis firgt emission from the luminous body, put 
into à transient state or constitution, which in its 
progress returns at equal intervals, disposing it at 
every return, to be easily — into any re- 
fracting surface it may meet with; whereas, in the 
intervals between these returns, it is disposed to be 
easily reflected; so that, upon the a arriyal of a num- 
ber of rays of light at the surface of every medium, 
those of os in which they were disposed to. be 
transmitted easily, would pass the interval between 
the two mediums, and those which were in a con- 
trary state would be reflected; on which account, 
some light is generally reflected and some transmit- 
ted, at eyery different s e on which it falls. 
Those states into Which the rays of Bett are put, he 
calls fits of easy reflexion and transmis: 

This hypothesis is not without — and 


must, therefore, be received, with caution, as it was 


proposed, till it shall be either confirmed or con- 
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futed by experiments, and a new theory substituted 
TW OHA 7 001 ATI LNSTP ART INT 20 

When arrived, as it were, at the confines'of ma- 
terial nature, you must expect to meet with some 
confusion and darkness in our explanations. There 
are barriers to our knowledge, which cannot be 
passed by any force of human faculties. © Sir Iaac 
Newton, the legislator of philosophers, expressed 
under the form of conjectures or questions, those 
things which he was unable satisfactorily to resolve; 
avoiding rash assertions, which are so fondly taken 
up by those who wish to seduce mankind. _ 

He conjectured, that these fits of easy reflexion 
and transmission may be occasioned by the vibrations 
of a subtile fluid, in which the ray passes; any ray 
being disposed to be transmitted when the vibration 
coincides with it, and to be reflected when it is 
thereby counteracted. _ 

He also thought that these vibrations might be 
excited by the mutual action and re-action of light 
of bodies, and of this medium, at the instant of re- 
fraction and reflexion. RT LETS 

Sir Jaac, therefore, supposed two causes of this 
disposition to be reflected or transmitted, when rays 
of light arrive at any new surface. One of them is 
the regular vibration of the etherial medium, affect- 
ing them through the whole of their progress from 
the luminous you and the other the tremulous 
motion, or irregular vibration of the same medium 
at the surfaces of bodies, occasioned by the action 
and re- action between those bodies and light. 
© "Thus, as stones, by falling into water, put the 
water into an undulating motion: and all bodies, by 
percussion, excite vibrations in the air; so the rays 
of light, by impinging on any refracting or reflect- 
ing surface, excite vibrations in the refracting or 
relate medium; and by exciting these, agitate 
the solid parts of the refracting or reflecting body; 
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and that the vibrations thus excited in this subtile 
refracting or reflecting medium, are propagated much 
after the manner that vibrations are propagated in 
the air, causing sound, and moving faster than the 
rays, so as to overtake them; and that when any 
ray is in that part of the vibration which conspires 
with its motion, it easily breaks through a refracting 
surface; but when it is in a contrary part of the 
vibration, which impedes its, motion, it is easily 
reflected; and, by consequence, that every ray is 
suecessively disposed to be easily reflected, or easily 
transmitted by every vibration by which it is over- 
8 Ape? e en e ene eee 
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rays more copiously than another; and that other 
bodies are of a different colour, because they reflect 
rays of a different kind. So that if light consisted 


colour in the world; nor would it be possible, by 
refractions and reflexions, to produce a new one. 
Thus, in some bodies, all the rays are extinguished 
by the red-making, and when they are reflected to 
our eyes, they excite in us the idea of red; and 
thence we say, that such a piece of cloth, &c. is red; 
attributing that only to the cloth or wood, which 
more particularly arises from the light which dresses 
them in their various beauty. Thus the ruby ab- 
sorbs the green, the blue, and the violet; but re- 
flects the red-making rays to our eye, with all their 
prismatic lustre. The amathyst imbibes the stronger 
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rays; and gives back the violet with miltiee buight+ 


ness. The jonquil gives us only yellow, and the 
hyacinth its vivid blue. Every coloured object may 
be thus regarded as a partial divider of the rays, 
Separating one or more colours, and confounding all 
the rest. Warr of | A. 

Those surfaces of transparent bodies, which have 
the greatest refracting power, reflect the greatest 
quantity of light. In other words, bodies, by which 
the light is more refracted, do like wise more strongly 
reflect it. Diamonds, which refract the light very 
strongly, give it, in proportion, a stronger reflexion : 
hence proceed the vivacity of their colours and their 
sparkling lustre. 

The analogy between refraction and reflexion will 
appear by considering, that the most refractive me- 
dium totally reflects the rays of light, at certain 
degrees of incidence. But the truth of the propo- 
sition further appears, by observing the transparent 
bodies, such as air, water, oil, glass. Island crystal, 
white transparent arsenic, and diamond, have a 
stronger or weaker reflexion, according to the greater 
or less refractive powers of the mediums that are 
contiguous to them. Thus at the confine of air 
and sal gem, it is stronger than at the confine of 
air and water; and still stronger between common 
air and glass; still more so between air and a dia- 
mond. If any of these be immersed in water, its 
reflexion becomes weaker than before; and it is 
yeaker still, if it be immersed in liquors of a greater 
refractive power. If water be divided into two parts, 
by any imaginary surface, there is no reflexion at the 
confines of those two parts; and for the same rea- 
son, there can be no sensible reflexion in the con- 
fine of two glasses of equal density. The reason, 
therefore, why all pellucid mediums have no sensible 
reflexion but at their external surfaces, where the) 
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are contiguous to mediums of different densities, is, 
that their contiguous parts have precisely the same 
ee of density. 

e least parts of all bodies, though seemingly 
void of transparency, when viewed in the gross, 
will be found, if taken separately, to be, in some 
measure, transparent: and the opacity arises from 
the multitude of reflexions caused in their internal 
parts. This observation will be easily granted by 
those who have been conversant with microscopes; 
ſor there they are found to be, for the most part, 
transparent. Nothing seems more opake, and free 
from transparency than the cloathes you wear. 
Yet let us only examine one of the woollen hairs 
that go into its composition, with a microscope, 
and you will find it to be nearly transparent. Gold, 
in the mass, lets no light pass through it; but if 
beaten out extremely thin, we shall then see that 
its parts are transparent, like other bodies. If 
held over a hole in a darkened window, it will 
appear of a greenisch hue. If gold be composed 
of transparent parts, we may surely conclude the 
same of other bodies: and, indeed, you will find 
very few which, if reduced to sufficient thinness, 
and applied to the hole, but what are manifestly 
transparent. 

Since light finds a free passage through the least 
particles, 9 — inquire what renders = opake; 
and this, by Sir Haac Newton, is attributed to the 
multitude of reflexions and refractions which take 
place in its interior parts; there being, between the 
parts of opake or coloured bodies, a number of 
spaces, filled with mediums of a different density 
from that of the body, as water between the tinging 
corpuscles with which any liquor is impregnated; 
air between the aqueous globules that constitute 
clouds and mists. These spaces cannot be tra- 
versed by light, without refracting or reflecting it 
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in various ways, by which it is prevented from 
ing on in a straight line, which it would do if the 
parts were continuous, without any such interstices 
between them; for you have already learned, that 
reflexions are only made at the superficies of me- 
diums of different densities. The opacity of bodies 
arises, therefore, from the discontinuity of its par- 
ticles, and the different density of the intervening 
mediums, and their particles. ny 
This notion of opacity is greatly confirmed by 
considering, that opake bodies become transparent 
by filling up the pores with any substance of nearly 
the same density with their parts. 'Thus when paper 
is wet with oil or water, or when linen cloth is 
dipped. in water, oiled, or varnished, or the oculus 
mundi steeped in water, &c. they become more 
transparent than they were before: as filling the 
of an opake body makes it transparent, so, on 
the other hand, evacuating the pores of a transpa- 
rent body, or separating its parts, renders it opake; 
as salts, or wet paper, by being dried; horn, by 
being scraped; glass, by being reduced to powder, 
or otherwise flawed; turpentine, by being stirred 
about with water, till they mix imperfectly; and 
water, by being formed into many small bubbles, 
either in the form of froth, or, by shaking it toge- 
ther with oil of turpentine, or some other convenient 
liquor, with which it will not incorporate. 
Hence, then, it is in homogeneity you are to 


seek for the cause of transparency. If there be 


many pores in a body, and these be filled with a 
matter differing much in density from the body itself, 
the light will meet with a thousand refractions and 
reflexions in the internal parts, and will thus be ut- 
terly extinguished. | 

The parts of bodies, and their interstices, must 
not be less than some definite size, to become opake 
and coloured. | 11 0 
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For the most opake bodies, if their parts be suf- 
ficiently divided, as metals, by being dissolved in 
acid ' menstrua, &c. become perfectly transparent. 
And you may remember, that the black spot, near 
the point of contact of the two plates of glass, 
transmitted the whole light where the glasses did 
not absolutely touch; and the reflexion at the thin- 
nest part of the soap was so insensible as to make 
that part appear intensely black, by the want of re- 
flected light. 

On these grounds it is, that water, salt, glass, 
stones, &c. are transparent, for, from many con- 
siderations, they seem to be as full of pores as 
other bodies are, yet their particles and pores are 
too small to cause reflexion in their common sur- 
faces. | 

The transparent parts of bodies, according to their 
several sizes, must reflect rays of one colour, and 
transmit those of others, on the same principles 
that thin plates or bubbles do reflect or transmit 
these rays; and this seems to be the ground of all 
their colours. 

That they do so, is plain from various observa- 
tions; and it is on these principles you may ex- 
plain the variety of colours seen in some silks, on 
pigeons necks, peacocks tails, and the feathers of 
other finely coloured birds. If you fix your eye 
upon a pigeon's neck, and both be kept at rest, only 
one colour is observable: but if either moves, espe- 
cially the latter, a different colour may be seen. 
Shady silks are woven with threads of different co- 
lours; one arranged longitudinally, the other trans- 
versely; and as the greater or less proportion of 
either of these appears, so one or other of the co- 
lours will prevail. Wet these double coloured ob- 
Jeets, dip the variegated feather in water, or the 
changeable: silk in oil, their reflex1ons will be less 
vivid, and they will return but one uniform shade 
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of colouring. The skin of the camelion is transpa- 
rent, its ground being between a pale red and yel- 
low, coloured with a number of small, smooth pro- 
tuberances of cold, bluish colour. It is endowed 
with a faculty of blowing up or contracting its skin 
at will. This causes the different colours, in ap- 
pearance, to vary: it, therefore, sometimes appears 
reddish, at others, blue: the yellow rays of the 
ground, occasionally mixing with the blue of the 
protuberances, produces the idea of the green; and 
when placed on a red or yellow substance, its natu- 
ral colours are unavoidably heightened. 

It is evident, from various phenomena, that a 
great proportion of the fainter. coloured rays are 
stopped in their passage through the atmosphere, 
and are thence reflected upon other bodies; while 
the red and orange rays are transmitted to greater 
distances. This circumstance explains the blue 
shadows of bodies, the blue colour of the sky, and 
the red colour of the clouds, when the sun is near 
the horizon. 

At certain times, when the sky is clear and se- 

rene, in the morning and the evening, the shadows 
cast from opake bodies have been observed to be 
_ tinged with blue and green. This circumstance na- 
turally results from the minute particles of the atmo- 
sphere reflecting the delicate and most refrangible 
rays, the blue and violet, for instance; which occa- 
sions a predominance of these colours. 
The blue colour of the sky is accounted for on the 
same principles; namely, the copious reflexion of 
the blue rays, by the atmosphere, which produces 
the effect of an arc of that colour, all around us. 
This is occasionally diversified by the vapours 
density, which reflect the stronger rays. 

The coloured clouds, in particular, which appear 
towards the morning and evening, when the sun is 
in or near the horizon, are to be attributed to the 
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same cause. The rays of light traversing a vast ex- 
tent of the atmosphere; the fainter and more deli- 
cate rays, as the blue and violet, are detached by 
repeated reflexions of the atmospheric particles; and 
the stronger rays, as the red, the orange, &c. are 
permitted to proceed, and reach the clonds, from 
whence they are reflected, Agreeable to this theory, 
you may observe, that the sun's horizontal light is 
sometimes 80 deeply tinctured with the red, that 
objects illuminated by it frequently appear of a 
bright orange, and even red. It is observable, that 
the clouds do not, in common, assume their brighter 
dyes till the sun is some minutes set, and that the 

pass from a yellow to a flaming gold colour; and 
thence, by degrees, to red, which becomes deeper 
and deeper, till the sun leaves them altogether, till 
at length the disappearance of the sun leaves them 
of a leaden hue, by the reflexion of the blue light 
from the air. A similar change of colour is observed 
on the snowy top of the Alps; and the same may be 
seen, though less strongly, on the eastern and 
western fronts of white buildings: St. Paul's church, 
London, is a good object of this kind, and is often, 
at sun-set, tinged with a considerable degree of 
redness. What makes the same colours more rich 
and copious in the clouds, is their semi-transpa- 


rency, joined with the obliquity of their situation. 


It is probably the same coloured light, which 
being thrown, by the refraction of the atmosphere, 
into the shadow of the earth, sometimes gives the 
moon, in a total eclipse, the obscure, reddish colour 
of brick. For the same reason, the colour of the 
moon will vary in eclipses, according to the extent 
of the atmosphere the rays have to traverse. 
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I Should leave this iubject v very incomplete, if 1 
did not give you some account of the ingenious ob- 
servations of Mr. Delaval, extracted from a paper 
communicated by him to the Literary and Philoso- 
phical Society of Manchester, and rere in the 
second volume of their memoirs.* 

Mr. Delaval was led to this subject, from a per- 
suasion of its utility to those interesting and elegant 
arts, whose object is the preparation and use of eo- 
louring substances: justly observing, that our views 
of experimental philosophy should not be confined to + 
theory alone, but directed also to its practical _ 
cation. 

For, in proportion as the principles of any science 
are unknown or misconceived, the advancement of 
che arts and manufactures which depend on them, 
must, of course, be impeded; for, without those 
guides, neither much addition, nor any improvement, 
is to be expected. But when scientific principles are 
disclosed to the artist, he is enabled to draw, from 
those original sources, an ample store of useful in- 
ventions, by which his art is enriched; and thus, 
the speculative sciences, by their extension to prac- 
tical purposes, become objects of great public utility. 

The arts of colour-making and dyeing were, in 
very remote ages, carried to the height of perfec- 
tion, in the countries of Phœnicia, Egypt, Palestine, 
India, &c. The inhabitants of those countries ex- 
.celled, also, in the art of imitating gems, and ting- 
ing glass and enamel of various colours. The co- 


* There is another work of Mr. Delaval, written previous to 
this pa of which is well worth the reader's attention: it is entitled, 
An rimental Inquiry into the Causes and Changles of Co- 
lours 1 pake and Coloured Bodies. 
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hours used in very ancient paintings, were as various 
as those now in use, and greatly superior both in 
beauty and durability. The paints used by Apelles 
were 80 bright, that he was obliged to glaze his 
pictures with a dark coloured varnish, lest the eye 
should be offended by their brightness: and even 
these were inferior to what had been used among the 
ancient Egyptians. Notwithstanding this perfection. 
in dyeing colours, we find the Grecians and Ro-- 
mans continually degrading the useful arts. You 
may consider this as one of the most striking cha- 
racters that distinguish the philosophy of the ancients 
from that of the moderns. The ancients being 
chiefly engaged in speculations, that might procure 
them respect, and attract applause, thought the useful 
arts unworthy their attention: whereas the moderns 
have cultivated and promoted the useful arts; and 
we find, the Academy of Sciences of Paris at- 
tempting to shed the light of science upon the arts, 
by publishing a description of them, grounded on 
the elevated idea, that the industry of a nation can- 
not fail to be enlightened and increased by a free 
communication of all the processes it uses; and 
that the sacrifices it makes, by this publicity, will 
ever be amply compensated by the advantages it pro- 
cures.“ But why need we go to academies, when 
we have a fairer and better example in our Lord 
and Saviour? An example which should teach you 
to avoid the philosophical pride of the Gentile, and 
the pharisaical self-sufficiency of the modern infidel. 
Of our Saviour we read, that having increased in 
wisdom, he went about doing good. His learning 

roduced not a morose selt-complacency, but a 

vely affability, and a desire to teach others the 
glad tidings of joy. The treasures of wisdom were 

not suffered to rust and canker, locked up from 


* Berthollet's Elements of Dyeing. 
VOL. 11. D d 
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the rug by a supereilious reservedness; but out 
of them he continually dispersed abroad, and gave 
to the poor in spirit. The sun, at its rising, found 
him engaged in this great work; and. after it was 
set, his time was engaged in praying for those whom 
his days were employed in teaching. W 
The changes of colour, in permanently coloured 
bodies, are produced by the same laws which take 
place in transparent colourless substances; and the 
experiments, by which they can be investigated, 
consist of various methods of uniting the. colour- 
ing particles into larger, or dividing them into 
smaller masses. 3 

Sir Haac Newton made his experiments chiefly on 
transparent substances; and in the few places, where 
he treats of others, acknowledges his deficiency of 
experiments. He makes the following remark on 
those bodies, which reflect one kind of light, and 
transmit another; viz. © that if these . or 
liquors were so thick and massy, that no light could 
get through them, he questions whether they would 
not, like other opake bodies, appear of one and the 
same colour, in all positions of the eye, though he 
could not yet affirm it from experience.“ It was an 
opinion of this great philosopher, that all coloured 
matter reflects the rays of light; some reflecting 
copiously the more, others the less refrangible rays. 
He was, likewise, of opinion, that opake bodies 
reflect the light from their anterior surface, by some 
power of the body, evenly diffused over, and ex- 


ternal to it. With respect to transparent coloured 


liquors, he says, that a transparent body, which 
looks of any colour by transmitted light, may also 
look of the same colour by reflected light; the 
light of that colour being reflected by the farther 
surface of that body, or by the air beyond it; and 
then the reflected colour will be diminished, and 
perhaps cease, by making the body very thick, 
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And. pitching it on the back part, to diminish the 
reflexions of its farther surface, so that the light re- 
flected from the tinging particles may predominate. 
In such case, the reflected light will be apt to vary 
from that which was transmitted. | 9 
To investigate the truth of these opinions, Mr. De- 
laval entered upon a course of experiments with 
transparent coloured liquors and glasses, -as well 


as with opake and semi-transparent substances. 


From these he found, that in transparent coloured 
substances, the colouring matter does not reflect 
any light; and when, by intercepting the light 
which was transmitted, it is hindered from passing 


h such substances, they do not vary from 
rats hes colour to any other, but become entirely 
black. | | | oy” 

As this incapacity of the colouring particles of 
transparent bodies to reflect light, was deduced 
from very numerous experiments, it may be con- 


sidered as a general law, It will appear the more 


extensive, if you consider that, for the most part, 
the tinging particles of transparent substances are 
extracted Fon opake bodies; that the opake bodies 
owe their colour to these particles, as well as the 
rent; and that by the loss of them they are 


” 


deprived of their colours. | 


For making his experiments, Mr. Delaval used 
small phials of flint glass, similar to that in my 
hand; the form is that of a parallelopiped, the 
height exclusive of the neck is about two inches, the 
base about an inch square, the neck two inches 


| long, The bottom and three sides of each of these 


phials was covered with a black varmsh; the cylin- 
drical neck, and the anterior side, except at the 
edges, being left uncovered. He was careful to 
avoid any crevices in the varnish, that no light might 
be admitted, except through the neck. or anterior side 
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The phials should be perfectly clean, and those 
liquors that deposit a sediment should not be put 
into the phials, but at the time when the experiments 
are to be made. The uneovered side of the phials 
should not be placed opposite to the window where 
the light is admitted, because in that situation the 
light would be reflected from the farthest side of the 
phial; smooth black substances, reflecting light pow- 
erfully, are best situated when the uncoy side 
forms a right angle with the window. 

Taking all these precautions, he viewed a great 
number of solutions both of coloured metallic salt, 
and of the tinging matter of vegetables, observing 
that the colour by reflexion was black, whatever 
it might be when viewed by transmitted light, If 
these colours were, however, d thin upon a 
white ground, they appear of the same colour as 
when viewed by transmitted light; but on a black 
ground they afford no colour, unless the black 
body be polished, in which case the reflexion of 
light through it produces the same effect as trans- 
mission. WES | 

The experiments made with coloured glasses were, 
in many respects, analogous to those with transpa- 
rent coloured liquors. For these he made several 
parcels of coloured glass, composed of borax and 
white sand. The glass was reduced to powder, and 
afterwards ground togetber with the ingredients, by 
which the colour was to be imparted; a method 
he found preferable to the usual mode of tinging 
glasses, as they became little inferior in lustre to real 


ms. N | 

The result of all his experiments was, that when 
matter is of such thinness, and the tinge so dilute, 
that light can be transmitted through it, the glasses 
then appear vividly coloured; but when they are in 
large masses, and the tinging matter is more densely 
diffused through them, they appear black, for these, 
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as well as the transparent liquors, Shew their colour 
only by transmission. | 
aving in this manner formed pieces of ouch 
5 two inches thick, he inclosed them in black 
cloth on all sides, except their anterior and farther 
surfaces. In this situation each of them shewed a 
vivid colour when light was transmitted through 
them, but when the posterior surface was likewise 
covered with the cloth to prevent the transmission, 
no other colour but black was exhibitet. 
From these phenomena he drew the followin g 
inferences: 
. 8 That the colouring particles do not reflect any 
toht, + 
2 That a medium, euch as is deseribed by Sir 
Isaac Newton, is diffused ned both the anterior and 
Sterior aces 6 15 ates, whereby objects are 
equall ly at yn refletted as by a ctr Meg 7 
r au next considers the colouring par- 
ticles themselves, pure and unmixed with other 
media. To procure masses made up of such parti- 
cles, several transparent coloured liquors were re- 
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duced to a solid consistence by evaporation ; by 
I 


employing a gentle heat the colouring matter wi 
not be injured, and may have its particles again se- 
parated by water or other fluids, and tinging them 


as before. In this state also the colouring particles 


reflect no light, and therefore appear uniformly 
black, whatever be the substance from which w_ 
may have been extracted. 

He endeavours to prove by expeniadents on the 
colouring particle . of opake bodies, that these co- 
lours are produced on the above-mentioned prin- 
ciples; that they seem black when very dense, but 
shew their proper tinge when spread thin upon a 
white ground. 

The green of grass, and leaves of plants, being 
A by ** them in rectitied spirit gf 
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wine, and placed in one of the above-meritioned 
phials, the — in the neck transmitted the vivid 
green, but that contiguous. to the uncovered side of 
ths phial was black. 
After the colour had been totally exttneted, the 
. remained apparently unaltered as to figure or 
texture, but were entirely white, or of a white 
tinged with brown; red, blue, and purple flowers 
were also digested with spirit of wine, all of which 
;elded their colouring matter to the spirit, and 
white when deprived of it. From most of 
these flowers the spirit, however, either aequired no 
at all, or only a very faint one; but when aci- 
dufated it became red, and by the addition of 2 
alkali became blue, purple, or * aceording 
the quantity of the alkali and of che in in- 
fusion. In these states, all of them, when viewed 
by transmitted light, or poured upon a white paper, 
shewed their colours, but universally appeared black 
by reflexion. Other experiments were tried with 
other flowers, but the final result was the same, 10 
colour by reflenian. 
White paper, linen, &c. may be Auges of any of 
these colours, by dipping them in the infusions; 
and the consideration of the manner in which the 
colours are imparted to linen, affords much insight 
into the manner in which natural colours are pro- 
duced. It has been already observed, that when the 
eolouring matter of plants is extracted from them, 
the solid fibrous parts, thus divested of their co- 
vering, display their natural whiteness. White 
linen, paper, &c. are formed of such fibrous vege- 
table matter, which is bleached by dissolving and 
detaching the heterogeneous colouring partieles: 
when these, therefore, are dyed or painted with 
vegetable colours, it is evident that they. do not 
differ in their manner of acting on the rays of light 


from natural vegetable bodies; both yield their co- 
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lours by transmitting through the transparent co- 
— the light which is reflected from the 
white ground. | 
* This white matter ever abi” without any oon 
siderable mixture, in plants while they are in a state 
of vegetation, as cotton, white flowers, the pith, 
en gar seeds, roots, and other parts of several kinds 
— bles. When decayed leaves of trees have 
ong exposed to the atmosphere, their coloured 
juices are sometimes n extracted that their 
fibres appear white. 
Mr. Delaval has rendiired ashes intensely white, 
by carefully calcining them, and afterwards grinding 
with a small rtion of nitre, and exposing them 
to such a degree of heat as would cause the nitre to 
deflagrate with the remaining quantity of phlogiston. 
Lastly, the ashes were digested with the marine acid, 
in order to dissolve the ferruginous matter diffused 


through them, and bee wasking the remainder 


in water. 
Hence it 1 chat the earth which 
forms the substance of — is white, and sepa- 
rable from that substance which gives to each its 
iar colour; that whenever it is pure and un- 
mixed, or diffused through colourless media, it 
shews its native whiteness, and is the only vegetable 
matter endowed with a native whiteness. This 
white matter may be discovered by other means be- 
sides burning; thus roses may be whitened by ex- 
gs. A them to burning sulphur, and the colour may 
again restored by the addition of an acid either 
mineral or vegetable. 

Thus it appears, that the e matter of 
the flowers is not diseharged or removed, but only 
dissolved by the phlogiston, and thereby divided into 
particles too minute to exhibit any colour. In this 
state, together with the vegetable juice in which 


they are diffused, they form a cojourless transparent 


. 
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covering, through which the white matter of the 

flowers is seen * The colouring matter of 
plants consists, ing to Mr. Dela val, principally 
of inflammable matter, and their solubility in, and 
union with phlogiston. 1 ps! + 
Colour is destroyed by the rays of the un. Thus 
dyed silk and other substances of that kind, when 
exposed to the sun's light, are deprived of their co- 
lour in every part on which the rays are allowed to 
act; whilst those preserve their colours which are 
defended from the light. The. colours, thus im- 
paired, may be — if acids are employed while 
the injury is recent. 

In a word, all Mr. Delaval's experiments shew, 
that the colouring matter of plants does not exhibit 
any colour by reflexion, but by transmission only; 
that their solid earthy substance is a white matter, 
and that it is this part that has the property of 
reflexion; that the colours of vegetables are pro- 
duced by the light reflected from this white, and 
transmitted from thence through the coloured coat 
or covering, which is formed on its surface by the 
colouring particles; that whenever the colouring 
matter is either discharged or divided by solution 
into particles too minute to exhibit any colour, the 
solid earthy substance is exposed to view, and dis- 
plays that whiteness which is its distinguishing cha- 
racteristic. | 1 

Mr. Delaval having settled this point, next pro- 
ceeded to examine * coloured parts of animal 
substances, and found them exactly similar, with 
regard to the manner in which the colour was 
produced, to the vegetable substances already treated 
of. The tinetures and infusions of cochineal and 
kermes yielded their colours when light is trans- 
mitted through them, but shew none by reflexion : 
on diluting fresh ox-gall with water, and examin- 


ing it in the above-mentioned 'phials, the part of 
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it viewed by transmitted light was yellow; but the 
anterior surface in the lower part of the phial was 
black, and reflected no colour. Flesh derives. its 
colour entirely from the blood, and when deprived 
of it the fibres and vessels are perfectly white; as 
are likewise the membranes, sinews, and bones, 
when freed from their aqueous and volatile parts. 
The florid red colour of the flesh arises from the 
light which is reflected from the white fibrous 
substance, and transmitted back through the red 
transparent covering, formed by the blood on every 
art. 

: In like manner the red colour of the shells of 
lobsters after boiling, is no more than a mere super- 
ficial covering, spread over the white calcareous 
earth of which the shells are composed, and may 
be removed from the surface by scraping or filing. 
Before the application of heat this Superficial co- 
vering is much denser, insomuch, that in some 
parts of the shell it appears quite black, being too 
thick to admit the of the light to the shell 
and back again; but where this transparent blue 
colour of the unboiled lobster is thinner, it con- 
stantly appears like a blue film. In like manner, the 
colours of the e gs of certain birds are entirely super- 
ficial, and ma scraped off, leaving the white 
calcareous — — ex — to view. 

The case is deere same with alen which owe 
their colours entirely to a very thin layer of some 
transparent matter upon a white ground; this. was 
ascertained by scraping off the superficial colours 
from certain feathers, which were strong enough 
to bear the operation, and which separated the co- 
loured layers from the white ground on which they 
have been naturally spread. The lateral fibres can- 
not have their colours separated in this manner; but 
their texture, when viewed by a microscope, seems 
to indicate, that their colours are produced on them 
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by no other means than those already related. In a 
word, he found that in all the animal subjects he 
examined, the colours were produced by the trans- 
mission of light from a white ground through a trans- 
paretit coloured medium. * OT | 
The coloured substances of the mineral king- 
dom are very numerous, and belong principally to 
two classes, earths and metals; the former, when 
zure, are all white, and their colour arises from 
— istic or metallic mixtures. Calcareous earths, 


when indurated, constitute marble, and may be 


tinged with various colours by means of metallic 
solutions, all which are similar in their nature to 
the dyes put upon silk, cotton, or linen, and inva- 
rably proceed from the same cause, the transmis- 
Sion of light through a very thin and transparent 
medium. Flints are formed from siliceous earths, 
and owe their colour to the state of fire within 
them; when sufficiently heated, they are rendered 
white' by the loss of the inflammable matter which 
produced their colour; when impregnated with 
metals, they form agates, cornelians, jasper, and 
coloured crystals. The coloured gems also receive 
their different hues from metal, and may be imitated 
by glasses tinged with such inflammable or metallic 
matter as entered into the original substances, all 
exhibiting their various teints in the same manner, 
by the transmission of light from a reflected white 
W i e n 

Even the colours of metals, according to Mr. De- 
laval, are produced in the same manner. Gold ex- 
hibits a white light tinged with yellow; this is 
grounded on an experiment of Sir Isgaac Newton, who 
says, that gold in a white light appears of the same 
colour as in the day-light, but that on intereepting 
a due quantity of the yellow- making rays, it will ap- 
pear white like silver, which shews, that its yellow- 
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tinging that whiteness with their colour when tus 
are let 

A notation of gold is pellucid and colourless; 
a solution of gold transmits yellow, bat reflects no 
colour. This metal, when united to glass, yields 
no colour by reflexion, but only by transmission. 
All these circumstances cem to indicate, that the 
yellow colour of gold arises from a yellow. trans- 
nt matter, which is a constituent part of that 
metal, and that it is equally mixed with the white 
particles of the gold, and transmits the light reflected 
by them; in like manner as when silver is gilt, or 
foils are made by covering white metals with trans- 


L. colouts. But these factitious coverings are 


super ſicial, whereas the yellow matter of gold 
ba iffused throughout the whole substance of the 
metal, and appears to envelope and cover each 
of the white particles; the yellow matter hears to 
the white about the same proportion that the yel- 
low-making rays, which were intercepted, bear to 
all the other rays comprized in the white light of We 
sun. 

Sir aac Newton has as, that ie the s 

or interstices of bodies are replenished with media 
of different densities, the bodies are opake; that 
those superficics of transparent bodies reflect the 
greatest quantity of light, which intercede media, 
that differ most in their refractive densities; and 
that the reffexions of thin transparent substances 
are considerably stronger than those made by the 
same substances of a greater thickness. Hence 
the minute portion of air, or of the rarer medium, 
which occupies. the pores or interstices of dense 
bodies, is a minute white substance. This is ma- 
nifest in the whiteness of froth, and of all pellucid 
colourless substances, such as glass, crystal, or salts 
reduced to powder, or otherwise flawed; for in all 
these instances a white light is ——— from the 
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air or rarer medium, which intercede the par. 


ticles of the denser substance, whose intertices they 
accupy. FT 
Hence also we see, why white opake substances 
are rendered pellucid by being reduced to uniform 
masses, whose component parts are every where 
nearly of the same density; for as all pellucid sub- 
stances are rendered opake and white, by the admix- 
ture of pellucid colourless media, of considerably 
different densities, they are again deprived of their 
opacity, by extracting these media, which keep their 
particles at a distance from each other: thus froth 
or snow, when resolved into water, lose their white- 
ness, and assume their former pellucid appearance. 
In like manner the opake white earths are by proper 
fluxes reduced to pellucid colourless glass; because 
all reflexions are made at the surfaces of bodies 
differing in density from the ambient medium, and 
in the confines of equally dense media there is no 
reflex ion. | (th 

As the calces of metal are capable of reflecting 
their colours by the intervention of air, so, when 
mixed with oil -in making paints, they always as- 
sume a darker colour, because the excess of the 
density of oil over air forms a sensible difference, 
When comparatively considered with respect to the 
specific gravity of the rarer metals. From this 
cause = bly less light is reflected from the 
molecule of oil than from those of air, and conse- 
quently the mass appears darker. 'The case is, 
however, different with such paints as are formed 
of the denser metals, as vermillion, minium, &c. 
for though oil differs very considerably from air in 
its specific density, yet it also differs very much in 
this respect from the denser metallic powders; and 
the molecule of oil, which divide their particles, 
act upon the light so strongly, that the reflexion 
of light occasioned by them cannot be distinguished 
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from those which are caused by rarer media. Hence, 


when we mix vermillion or minium with oil, the 
colour is not sensibly altered. | ; 

All the earths, which in their natural state' are 
of a pure white, constitute transparent colourless 
media when vitrified with proper fluxes, or when 
dissolved in colourless menstrua; and the saline 
masses obtainable from their solutions, are transpa- 
rent and colourless, while they retain the water: 
which is necessary to their chrystallization, and are 
not flawed or reduced to powder: but after their 
pores and interstices are opened in-such a manner as _ 
to admit the air, they become white and opake by 
the admittance of that rare medium. The earthy 
particles, which form the solid parts of bodies, gene- 
rally exceed each other in density; consequently, 
these particles, when contiguous to the rare media 


already mentioned, must reflect the rays of light with 


a force proportionate to their density. The reflec- 


tive power of bodies does not depend merely upon 


their excess of density, but upon their difference of 
density with respect to. the - surrounding media. 
Transparent colourless particles, whose density is 
greatly inferior to that of the media tney come be- 
tween, also powerfully reflect all sorts of rays, and 
thereby become white; of this kind are the air, or 
other rare fluids, which occupy the interstices of 
liquors, and in general of all denser media, where 
such rare particles are admitted. 
Henee we may conclude, that white opake bodies 
are constituted by the union or contiguity of two or 
more transparent colourless media, differing consi- 
derably from each other in their reflective powers. 
Of these substances we have examples in frothy 
emulsions, or other imperfect combinations of pellu- 
cid liquors, as milk, snow, calcined or pulverized 
Salts, glass or crystal reduced to powder, white earths, 
paper, linen, aud even those metals which are called 
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white by mineralogists: for those metals do not 
appear white, unless their surfaces be rough; as in 
that case only there are interstices on their surface 
sufficient to admit the air, and thus make a reflexion 
of a white and vivid light. 745 | 
The polished surfaces of metallic mirrors reflect 
the incident rays equably and regularly according to 
their several angles of incidence, so that the reflected 
rays do not interfere with each other, but remain 
separate and unmixed, and therefore distinctly ex- 
hibit their several colours. Hence it is evident, 
that white surfaces cannot act upon the light as 
mirrors, because all the rays which are reflected 
from them are blended in a disorderly and promis- 
cuous manner. | 
The foregoing phenomena give us some insight 
into the nature and cause of opacity, as they clearly 
shew, that even the rarest transparent colourless 
substances, when their surfaces are adjacent to me- 
dia differing greatly from them in refractive power, 
may thereby acquire a perfect opacity, and may 
assume a hue and resplendence similar to that of 
white metals; that the rarer pellucid substances 
cannot by the sight be distinguished from the dense 
opake metals; and this similarity to the surface of 
metals not only occurs, when from the roughness of 
their surfaces they resemble polished metals in white- 
ness, but also when from their smoothness they re- 
semble the polished surface of metals. 
Metals seem to consist entirely of transparent 
matter, and to derive their apparent * and 
lustre solely from the copious reflexion of light from 
their surfuees. The analogy between metals and 
transparent media, as far as concerns their optical 
properties, will appear to you from the following 
considerations: 1. All metals dissolved in their pro- 
per menstrua are transparent. 2. By the union of 
two or more transparent media, substances are con- 
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stituted which are similar to metals in their opacity 
and lustre, as plumbago and marcasites. 3. The 
transparent substances of metals, as well as ha of 
minerals, by their union with inflammable matter, 
acquire the strong reflective powers from which their 
lustre and opacity arise. 4. The surfaces of pellucid 
medin, such as glass or water, assume a metallic ap- 
pearance, when by their smoothness, difference of 
density with respect to the contiguous media, or 
any other, they are disposed copiously to reflect the 
ight.* 

y ne these considerations it is evident, that opake 
substances are constituted by the union or contiguity 
of transparent colourless media, differing from one 
another. in their reflective powers; and that when 
the common surface, which comes between such 
media, is plane, equal, and smooth, it reflects the 
incident rays equally and regularly as a mirror; but 
when their surface is rough and unequal, or divided 
into minute particles, it reflects the incident rays 
irregularly and promiscuously in different directions, 
and consequently appears white. Gy 

When the interstitial vacuities of bodies are S0 
disposed, that the light can preserve its rectilinear 
course through them, such bodies appear luminous 
throughout, and are visible in their internal sub- 
stance; but when their constitution is such as will 
not allow a free passage to the light, they are then 
visible only by those rays which are reflected from 
their surface, and their internal surface is cold and 
dark. 

From various considerations it appears, that the 
chemical properties of bodies have a considerable in- 
fluence on their colour; for, doubtless, a foroe which 
acts e in refracting the 7s must likewise 


* For further particulars, &c. &c. see Mr. Delaval's Paper, 
Memoirs of the Manchester Society, Vol. li. 
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influence their reflexion; and it is hardly to be 
doubted but that the action of fire has a considerable 
share in the production of colours; indeed its share 
in the operations of nature is so considerable, that it 
would be strange if it should be excluded from this 
more curious part. | 
By comparing the refractive powers of different 
bodies, Newton found that inflammable substances 
possess it in a much greater degree than such as are 
not inflammable. From his observations on this 
subject, he drew the wonderful conclusion, * that 
the diamond contained a large quantity of inflam- 
mable matter; that water was an intermediate sub- 
Stance between inflammable and uninflammable 
bodies, and that it supplied vegetables with the 
inflammable principle; which truths have been seen 
and demonstrated only in the present day. 


Bodies, not transparent in their ordinary state, 


may be rendered so either by relaxing their parts 
with heat, so that the light may pass through them 
more easily, or by giving some new direction, toge- 
ther with an additional force, to the matter of light. 


Mr. Hawksbee was very much surprized to find, that 


the sealing-wax and the pitch within side a glass 
globe became so transparent, when the glass was 
whirled about and rubbed with the hand, that the 
fingers might be plainly seen on the other side 
through the coating. Oil is condensed, when cold, 

into a sort of globules impervious to the light; but 
when these globules are dissolved, and opened by 
the action of fire, the oil not only becomes transpa- 
rent, but appears as bright . shining as if the 
light were a natural part of its substance. . 


Many heterogeneous fluids grow dark and muddy 


with cold, but may soon be clarified again by the 
application of a moderate het: red-port wine is 


* Bertbollet's Art of Dyeing, p. 6. 
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torietimes-as foul as if brick-dust were mixed with it, 
but will soon become bright and clear before the fire. 
The quality of transparency is given, by a wise 

ordination of Providence, to the fuld substance of 
water, which is so necessary to the life of all animals. 

Transparency renders glass most valuable; the value 
of gold is arbitrary, but the worth of glass is intrin- 
sic; its cleanliness and transparency recommend it 


to our use for the common purposes of life, and 


render visible the most curious and subtile processes 
of chemistry and philosophy: in optics, it assists the 


aged, and gives to min an insight into the wonders 


of creation. * 


LECTURE XXI. 


OP PHOSPHORIC BODIES. 


Tas more the nature of light is investigated, the 
more its relation to fire is discovered; many proofs 
of this you have already seen, many more will occur 
in treating of phosphoric bodies. As I have already 
shewn you, that fire is received and retained in bo- 
dies under the form of heat; I have now to shew 
you, that it is also retained in most substances under 
the form of light. . 

By phosphorus, we in general mean those sub- 
Stances which shine in the dark, without emitting 
heat. Phosphorus is divided into several kinds, 
known by the names of Bolognian phosphorus, 
Mr. Canton's phosphorus, Baldwin's phosphorus, 

* Jones's Physiological Disquisitions, p. 86. 
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osphorus of urine, o. &c. Besides these, it has 

en found that the far greater part of terrestrial 
bodies, upon being exposed to the light, will appear 
luminous in the dark. This cireumstance has occa- 
sioned some writers to divide the phosphori into two 
classes, namely, such as require to be exposed to the 
light either of the sun or some artificial fire, before 
they become luminous; and such as do not. Of the 
first kind are the Bolognian phosphorus, Mr. Can- 
ton's phosphorus, the phosphorus from earths, &c. 
of the latter kind, are rotten wood, the skins of 
fishes, and the phosphorus of urine. There is an- 
other class which becomes luminous by friction or 
vibration, as sugar, and the solution e ee 
in spirit of wine. 

It has been said, “that philosophy was never 
under more obligation to what is called chance, than 
with respect to the diseovery of the property of im- 
bibing of light, which was once thought to be pecu- 
tar to a certain fossil in the neighbourhood of Bo- 
logna, but is now found in many other substances. 
Not only was a single and leading fact, but a whole 

series of facts the result of casual observation.“ You 
are, I hope, better learned, and will enter your pro- 
test against this opinion; for you know that such an 
opinion, if embraced would deprive you of that sa- 
tisfaction of mind, which arises from a strong and 
well-grounded apprehension of a Divine Providence, 
and of your being constantly under a gracious pro- 
tection that will guard you from every evil unpro- 
ductive of greater advantage. It is, indeed, the 
main basis of prudence and beneyolence, as it en- 
sures to you, that whatever you do well shall be 
attended with success either at present or in futurity, 
and thus making the good of your fellow- creatures 
your own highest interest. As this opinion is thus 
dangerous, it can be no improper digression to 
consider it more attentively, and the more so, 25 
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you will find another writer, to whom I shall have 
occasion to refer you on the subject of phosphorus, 
acknowledging that it was accident which lifted up 
the veil of nature to him, and attributing to the same 
blind cause the greatest discoveries that' have been 
made by others. 

In common discourse we often, indeed, speak of 
chance or fortune, as a power influencing the affairs 
of men, and having a principal share in the direc- 
tion of all events; as frequently baffling the skill of 
the wise, the valour of the brave, and the strength 
of the mighty; as turning the scale of victory, and 
determining the success of all enterprizes. But if 


you examine the idea of chance philosophically, you 


will see that it is neither agent nor power, nor has 


any other existence except in our own ignorance; 


for, whatever is ascribed to chance or fortune, we 
should see performed by other causes, if we had sa- 
gacity to discern them. | 

Chance is no cause of any thing, and seryes only 
to express our ignorance or uncertainty of the man- 


ner in which other causes operate; and, in this sense, 


may be applied to the most cogent necessity or most 
deliberate design, where we know not the tendency 
of the one, nor the purpose aimed at by the other. 

What is esteemed more casual than weather? 
Yet nobody doubts of the air being moved, the 
vapours rarefied, and the clouds condensed, accord- 
ing to a certain impulse received from mechanical 
causes; but because no mathematician nor naturalist 


can investigate those causes, so as to calculate what 


they will produce, we say, the farmer depends upon 
chance to bring his corn to maturity, and give him 

a favourable season for his harvest: yet; if we were 
acquainted with the respective 3 and exact 
proportions of the causes from whence they proceed, 
we might calculate the variations of the weather, as 
well as we now do the changes and eclipses of the 
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moon. So that an event, happening by chance, does 
not elude the operations of neces causes, nor the 
acts of free agents, nor the provisions of wisdom; 


_ for the effects of all three will appear casual when 


we cannot foresee them. And when it is said, any 
thing is discovered by chance, or that fortune has 
had such an influence upon our affairs, no more 
'should be understood by these expressions, than that 
we are ignorant of the causes acting around us, and 
affecting the success of our measures. Before aeci- 
dent takes place in those events where our agency 
has no concern, there must have been natural causes 
in motion, previous to any thing thus appearing to 


fall out accidentally among them; and it is only our 


ignorance of their concurrence and powers that gives 
chance a title to the production. 
Inventions, as we have on a former occasion ob- 
served, may appear accidental, and so indeed they 
are with respect to us, for no man could have seen 
before-hand the day when they would happen; but 
accidents arise from certain causes lying in train to 
produce them; when, and in what manner they shall 
come to pass, must be referred to the Disposer of all 
events. It is frequent, in philosophical disquisitions, 
that the same inquiry uces very different disco- 
veries. The attention paid to the immediate object 
of investigation does not shut the eye of the observer 
against any thing else that may offer; and the state 
into which the subject of examination is put, in order 
to favour an expected event, often gives origin to 
another not less interesting. #4 
Nature is nothing more than a conveyancer, whose 
channels we can in some measure trace, conducting 
activity from one substance to another; and chance 
grows like an excrescence from the situation, the cir- 
cumstances, or mutual concurrence of other causes. 
We have no experience of any thing that can act 
otherwise, than by transmitting an operation already 
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begun. Volitition is the only power we know of 


that is capable of beginning an action, or giving an 
impulse it did not first receive, And whoever sup- 

a substance involuntarily self- moving, or caus- 
ing a new impulse not in being before, builds upon 
a mere hypothesis, without any fact within the com- 
pass of his observation to support it; whereas, he 
who helds the contrary, does it because experience 
of his own actions teaches him that he begins them 
himself, but that every thing acting involuntarily 
proceeds in another manner, only carrying on an 


operation begun by some other agent. 


Our views of Providence must be partial and im- 
perfect at best, wherefore much of the wisdom of 
God will appear foolishness to man; and so does 


wisdom always appear to such as have not capacity 


to discern the justness of her measures, nor the ends 
for which they were pursued: but the more atten- 
tively you observe the luminous tracts, you will find 
them spreading further and further into the dark 
and exceptionable, and they will open before you an 
ample field for contemplation. For you will dis- 
cover wheel within wheel, be able to trace the con- 
nection between many of them, discern their exact 
adjustment to each other, and perceive one adapted 
to answer various purposes; till at last you will be 
ready to believe with Plato, that the whole world is 
a tissue of causes and effects, wherein nearly or 
remotely every thing has an influence upon the rest. 
From hence we may conclude, not only that the 
young rayens are fed, and the lilies of the field ar- 
rayed in the glory of Solomon by the Divine provi- 
sion; but that, of two sparrows which are sold for 


2 farthing, not one of them falleth to the ground; 


not a hair is lost of the number upon our heads; 
rot an atom stirs, without the permission of our 
Heavenly Father. | 5 
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Thus also God has been pleased, by a long and 
extraordinary series of events, continuing from the 
infancy of mankind, to nourish up a religion whereby 
purer sentiments of himself, and a more extensive 
charity, may be introduced- among the vulgar; and 
has in his wisdom raised up two trees, Philosophy 
and Religion, from little seeds, and by slow and 
successive gradations, whose influence, when mu- 
tual, continually tends to purify and meliorate man- 
kind; but, when set at too great a distance from 
each other, Philosophy becomes a vain babbler, and 
Religion a superstitious enchantress. When pro- 
perly mingled, their branches grow more vigorous, 
extend over a larger compass, and bear fruits of 
more general use, co-operating in that great design 
which has been carrying on from the earliest ac- 
counts of history by a remarkable course of Provi- 
dence, calculated for the benefit of the human race 


in general, distinct from that respecting particular 


persons; intended to introduce a perfect rectitude 
of sentiment both in the understanding and inferior 
faculties of the mind. * | 
Too numerous are the instances to be noticed in 
these Lectures, and they would lead me too far 
from the general plan of the work; but one or two 
cannot refrain from mentioning. - You know how 


much the art of printing has contributed to the 


advancement of learning; but this was not the dis- 
covery of any philosopher; the world had been long 
acquainted with the method of stamping inscriptions 
upon medals and seals, which one would think might 
naturally have led the ingenious to contrive how to 
stamp the pages of a book, yet was it never thought 
of until the appointed time written in the book of 
heaven. | | 
The magnetic power of the load-stone was known 
2000 years ago, but remained an object of idle cu- 


riosity for ages, until the use of the needle was dis- 
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covered; when it opened to us a new world, gave 
a readier access to the remotest regions of the old, 
became a means of communicating knowledge, and 
familiarizing the nations of the earth. t 
Gunpowder is said to have been discovered by a 
monk trying experiments, without expectation of 
any such result; but how greatly has it changed the 
polity of nations, and civilized the rugged manners 
of war, making it depend more upon science than 
bodily strength ar eee, courage, and uniting , 
the civil with the military interest! And in remote 
consequence of these inventions concurring with 
other incidents in the amazing series, mankind is 
become better united and civihzed; every nation 
has some intercourse with others, and the more 
barbarous gradually take a tincture from the more 
humane. 2 el 
Let us now return to our phosphoric bodies, and 
first to the Bolognian phosphorus. This was dis- 
covered about the year 1630, by Vincenaæo Catrariolo, 
a shoe-maker of Bologna; who, being in quest of 
some chemical sccret, among other things, tried a 
calcination of some stones found in the neighbour- 
hood of that city; and observed, that whenever this 
stone was taken into the dark, after having been 
exposed to the light, it was plainly visible by a light 
issuing from itself, continuing to appear for some 
time, when it became invisible; but upon returning 
it to the light, and then carrying it back to its for- 
mer situation, it exhibited the same appearance as 
before. ele t | 
Of bodies that give light in the dark there are 
several kinds; for, some bodies throw out light 
spontaneously, and others upon being excited. Of 
the former kind, some sbine with a natural light, as 
glow-worms, dates, and a variety of aquatics; others 
ess an adventitious light, as rotten wood, and 


the flesh of some quadrupeds and birds, These last 


KA 
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are not naturally phosphoric, but owe that property 
to some particular cause, which generally is putre. 
faction, and sometimes an insensible change in the 
natural constitution of the parts. | 
Those bodies which become phosphori upon being 
excited, or whose phosphoric property is at least 
assisted by excitation, may be distributed into dif- 
ferent species according to the mode in which this 
property is brought into action. These modes are, 


attrition, agitation, heat, the free admission of air, 


and being exposed to the external light. 
| Bodies of every kind become phosphori by attri, 
tion, provided they can bear that force of friction 
which is sufficient to produce the reluctant light that 
is hid in their substances; agitation agrees mostly 
with liquid substances, as sea-water. Ne 
The emerald phosphorus, and many gems, and 
amongst these, not a few diamonds, the lapis lazuli, 
and a great part of the mountain crystals, become 
phospharic by the application of heat. 9 7 
The free admission of air not only produces light 
in using the phosphorus of Konkel, ot even a blaze 
of fire, where friction is used. The phosphorus of 
Homberg burns also furiously upon the approach of 
alr, 4 vs 2 
The last class, those which act after being ex- 


posed to the external light, are exceeding numerous; 


there seem but two substances which do not emit 
light when tried in this way, viz. water in its fluid 
state, and metals. All bodies then whatever, except 
water and metals, have a power of imbibing light, 
and, when placed in proper circumstances, of emit- 
ting it again. 4 

This has been fully proved by the experiments of 
Mr. Beccaria,* of Bologna, and Mr. Wilson, which 

have been made in the most satisfactory manner; 


Not Becraria the electrician. 
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indeed, $0 great has been their diligence, that there 
are but little hopes of adding wy thing conpigerabys 
to what they have done. 

A very weak light can be visible only in great 
darkness. When the sun is in its — yen yt 
the moon and stars are totally obscured; and 
when his superior light is withdrawn, how — | 
the moon and stars appear. Art will produce a de- 

of darkness far exceeding that of the night, 
and in such darkness the weakest light will become 
visible. Mr. Wilson, therefore, to judge of the illu- 
mination of bodies when brought from the light, 
made bis experiments in a closet about six feet by 
five and an half, the height about nine feet. It was 
painted black, or covered with black baize in every 
2 art, and had two doors which were five or six inches 
roader and longer than the space to enter at. 
There are two curtains of black cloth over the hole 
where the hand was occasionally put out, to expose 
bodies to the light; the outer one and inner one 
each consisted of three doubles: all these were con- 
siderably larger than the hole, which was about 
fifteen inches diameter, and opened to the south. 
There were small leaden weights fastened to the 
bottom of each curtain, to preserve them in their 
places when the hand was drawn into the room; 
two curved pipes were fitted to the closet, one com- 
municating with the external air from the top of the 
room, the other from the bottom, for the sake of 
breathing freely; by means of this closet any sub- 
stances could be an exposed to the licht, or with- 
drawn from it. 

Numerous, and well worthy of your attention, are 
the experiments made by Mr. Wilson in this closet; 
here almost every substance was found to be phos- 
phoric; but calcined oyster-shells and white paper 
possessed this power in an eminent degree. A piece 
of paper with a key being exposed to the light, aud 
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again taken into the room, the key was then re- 
moyed, and there remained as much of the paper 
dark as had been covered by the key, leaving a 
black space exactly of the same figure as the key. 
A gentleman's hand, and part of a ruffle, being 
_ dipped in the light, and then suddenly withdrawn, 
appeared luminous; and as every other part of the 
body was dark, it looked like a hand with a bit of 
ruffle suspended in the air, 80 that the human body 
was found, l. like others, to be phosphoric. 
Though fluid water is incapable of emitting light, 
et when condensed into the form of ice or snow, 
it assumes it, like other species of matter. This 
accounts for the light afforded by snow lying on the 
ground, even when the heavens are involved in 
utter darkness; being exposed to the light all day, 
it absorbs a great deal of light, and is thereby 
enabled to give out a considerable quantity in the 
might. 


are surrounded are sufficiently endued with this 
phosphoretic property, to enable animals to find 
their food in the night. To this it may be added, 
that the eyes of animals are better constructed for 
collecting light than the human eye: thus the sub- 
stance spread out behind the retina of cats, owls, 
&c. is white, which reflects the most light; that be- 
hind the retina of graminivorous animals 1s green; 
lastly, that in the human eye is black; hence we re- 
quire more light than animals to dicover objects, but 
our vision is more perfect. 

From the foregoing experiments it a 1 that 
the world is stocked with a variety of occasional 
phosphori, from which light is insensibly evapo- 
rating where we should never have looked for it, 
nor could possibly have detected it, but for the sub- 
tile mode of examination contrived by Beecariq and 
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It is probable, that all the bodies with which we 
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To prepare this, take some oyster-shells, and 
calcine them, by keeping them in a good coal fire 
for half an hour; let the purest part of the calx 
be pulverized and sifted; to three parts of thjs 
powder add one of the flowers of sulphur, and mix 
them well together; put the mixture into a crucible, 
and ram it tightly therem; then let it be placed 
in the middle of a fire, where it must be kept red- 
hot for an hour at least, and then set to cool. When 
it is cold, turn it out of the crucible, and, cutting. 
or breaking it to pieces, scrape off upon trial the 
brightest parts, which, if good, will form a white 
powder, which you may preserve by keeping it in a 
phial, with a ground stopple. | 

The quantity of light which a little of this phos- 
phorus gives when first bronght into a dark room, 
after it has been exposed for a few seconds to the 
light of the day, is sufficient to shew the hour by a 


watch, if the eyes have been previously shut for one 


or two minutes. a | 

By this phosphorus you may represent celestial 
objects, such as Saturn and his ring, the phases of 
the moon, &c. If the figures of them made of 
wood, be wetted with the white of an egg, and 
then covered over with the phosphorus, a flash from 
the discharge of an electrical jar will illuminate the 
phosphorus as well as the light of the day. 

By a variety of experiments made with this phos- 
phorus it appears, that when it had emitted all the 
light it could in the common state of the atmosphere, 
it would emit more on the application of heat, but 
that the same degree of heat would render it lumi- 
nous for a certain time, : 

Let one end of a bar of iron of about an inch 
square, or a poker, be made red-hot, and laid hori- 
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zontally in a darkened room, till, by cooling, it 
ceases to shine, or is barely visible; then bring a 
little dry phosphorus, which has been exposed to 
the light, in a glass ball hermetically. sealed as near 
the hot iron as possible; and the phosphorus, though 
invisible before, will in a few seconds begin to shine, 
and will discharge its light so very fast, as to be 
entirely exhausted thereof in less than a minute, 
and will shine no more by the same treatment till 
it has been again exposed to the light. By this 
heat, light received from a candle, or even from 
the moon, may be seen several days after; and 
hosphorus, that will afford no more light by the 
Peat of boiling water, will shine again by the heat 
of hot iron. By means of this heat, phosphorus, 
which had been kept in darkness more than six 
months, was found to give a considerable degree of 
light. | 

Mr. Wilson, in his treatise on phosphori, has 
made a variety of experiments on oyster-shells cal- 
cined, and combined with nitrous acid, and without 
it; in all cases they acquired the phosphoric qua- 
lity in a very bigh degree. He poured some aqua 
fortis, previously impregnated with copper, on a 
e, of calcined oyster-shells, so as to form 
them into a kind of paste; this paste was put into 
a crueible in a pretty hot fire, for about — mi- 
nutes. Having taken out the mass, and waited till 


it was cool, he presented it to the external light; 


on bringing it back suddenly to the dark, he was 
surprized with the appearance of a variety of co- 
ours like those of the rainbow, but much more 
vivid. In consequence of this e, of the 
prismatic colours, he repeated t 

various ways; combining the calcined oyster-shells 
with different metals, and metallic solutions; with 
the different acids, alkaline, and neutral salts; as 
well as with sulphur, charcoal, and other inflammable 


e experiment in 
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zubstances; and by all of these he produced phos- 
pbori which emitted variously- coloured light. 

What is more remarkable, he found that oyster- 
shells possessed the phosphoretic quality, and would 
exhibit the prismatic colours in a surprizing degree; 
and for this purpose nothing more was necessa 
than to put them in a good sea-coal fire, and keep 
them there for some time. On scaling off the in- 
ternal yellowish surface of each shell, they become 
excellent phosphori, and exhibit the most beautiful 
and vivid colours. | 

From Mr. Wilson's experiments it appears, that 
fire or inflammable matter is essentially necessary 
towards producing prismatic colours in phosphoric 
substances; that there is no particular disposition 
in the shell to exhibit any | prion ae”! colour with- 
out the aid and assistance of the inflammable prin- 
ciple; and that the several parts of the shells exhibit 
such colours as correspond with the different quan- 
tities of inflammable matter that they respectively 
contain, | | 

The inflammable principle appears to be so weakly 
combined, that it is easily disengaged in consequence 
of the action of light. F 

Mr. Beccaria has attempted to shew, that phos- 
phorus emitted the very same light that it received; 
and no other; and Dr. Priestley concluded from 
hence, that Zanotti was wrong in asserting, that 
phosphori shine by their own native light, after they 
have been kindled by foreign light. Zaenoit: appears, 
from Mr. /#ilson's experiments, to have been con- 
siderably nearer the truth than Dr. Priestley appre- 
hends; as he seems fully to have disproyed, by his 
numerous and accurate experiments, the opinion of 
Beccaria. | 

The experiments on phosphori may, perhaps, be 
accounted for by considering, that as an heated iron, 
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which is dark by day-light, appears red and fiery 


when carried into a dark room, having acquired 
but a part of that ignition which renders it luminous 
in the open day-light; so other bodies are capable 
of an incipient ignition, which is perceptible to the 
eye in artificial darkness; and it is this incipient ig- 
nition which brings them under the denomination of 
phosphori. It is remarkable, that a degree of light 
is discernible in heated oil, when viewed in sueh a 
dark medium; and that even cold water does not 
immediately extinguish the light imbibed by sugar, 
gum, paper, &c. 

It has long been observed, that bodies, when 
beginning to putrefy, emit light: this has been ob- 
served in meat, fish, and particularly in wood; in 

meat the soſtest parts are most Juminous, it looks, 
when in this state, as if sprinkled over with gems, 
and upon touching it the luminous particles come 
off on your fingers: this, however, does not take 
place before a certain degree of putrefaction is in- 
duced, and ceases after it has proceeded to a further 
depree. 

The luminous appearance of the sea has long 
been known, and variously accounted * it now 


ance, arising from putrefied materials from 
fish and vegetables, which rise to the surface of the 
water in the form of scum, and when ed yield 
more light than when at rest. 

There is a remarkable difference between the light 
of rotten wood and fishes, and that of phosphorus 
of urine, even when it is not in an ignited state; 
for this last does not cease to be luminous even 
when included within an exhausted receiver; the 
contrary of which happens to rotten wood and 


fighes. When kept in water and placed in warm. 


air, the phosphorus of urine discharges such large 


seems to be generally attributed to a phosphoretic | 
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and bright flashes into the air above it, as are apt to 
surprize, and even to frighten those who are unac- 
quainted with it. 

Phosphori, in the most extensive meaning of the 
word, may be considered as bodies giving light; 
though more properly they are those bodies which 
give a faint light, visible only in the dark, upon 
being rubbed, or after having been exposed to the 
influence of light.* | f 

Bodies shine in the dark in consequence of an ex- 
cess in their heat, and by the emission of this light 
the heat is in some degree dissipated; the substance 
of the body is thus changed in its temperature, or in 
relation to heat. N 
Bodies emit light also in consequence of the reso- 
lation of phlogistic matter, which had been contained 
in their substance or composition. 

But bodies also emit light without being sensibly 
affected in their temperature, or having the compo- 
sition of their substance changed; this change may 
be effected by that active principle, which there are 
many reasons for supposing to reside on the surfaces 
of bodies. 25 .« 

Particular species of bodies which have a pe- 
culiar power in their substance, by which incident 
light is reflected, or which have a power of absorb- 
ing light, do not become phosphoretic by having 
the powers of their surfaces excited by friction or 
incident light; but those bodies which do not thus 
eminently absorb or reflect light, and do not conduct 
electricity by their substance, are all in some degree 
phosphoretic. | | | 

Phat the light emitted from the phosphoretic body 
is not the identical light to which the body has been 
exposed, is proved by Mr. Wilton's experiments. 


* HHutton's Dissertations on different Subjects of N atural Phi- 
| | | | losophy. 


* 
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ö It would therefore appear, that the species of the 
emitted light arises only from the particular disposi- 
tion of the phosphoretic body, and that by being 
thus properly disposed, the same phosphoretic bo- 
dies, may, after being excited, emit any one parti- 
cular species of coloured light, according to the 
manner in which it had been disposed for this opera- 
tion of produchhg light. b 

From the experiments of Mr. Wilean it appears, 
that it is not the exciting light which is emitted by 
the body shining in the dark; it is not the emitted 
light, or light of the same species, which has the 
greatest power of exciting the phosphorus to shine; 
but the light which has so great an energy in excit- 
ing the phosphorus, is that species of light which is 
placed at the other extremity of the prismatic order, 
or most opposite in the rule of its — toon 
that of the emitted light. 

Thus, though the incident light be the cause of 
shining by exciting this quality in the phosphoretic 
body, yet there is interposed another operation be- 
tween the incidence and the emission of light; and 
there is reason to suppose, that the particular spe- 
cies of light emitted from the phosphoretic surface, 
depends on the electric fluid put into action by the 
incident light. | wee | 

Phosphoretic and phlogistic bodies agree in con- 
taining a quantity of light, which is not in any per- 
ccived state of heat. «7 | | 

Although phlogistic and phosphoretic bodies emit 
light upon the same principles, so far as this de- 
pends upon luminous matter contained in the bo- 
dies, which is set at liberty during the operation, 
by which it is rendered luminous; yet the manner 

in which the luminous matter is set at liberty, is 
very different, as is that also by which the lumi- 
nous matter is retained, The exposure to the at- 
mosphere is essential to the emission of light from 
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hlogistic bodies; but this is a circumstance indif- 
erent or unnecessary for the same operation in 
those that are phosphoretic. In phosphoretic bodies 
there is no difference perceived after they have lost 
their shining qualities; but this is not the case 
with phlogistic bodies, where the greatest difference 
is perceived on the abstraction of their luminous 
matter. | Ms, 

Phosphoretic bodies furnish us with a strong addi- 
tional proof of a principle already noticed, that 
light is matter which may continue for some time 
therein without exciting heat, and may be again se- 
parated therefrom, and resume its character of light, 
as will appear by considering, 

Ist. That a phosporetic body is made luminous 
only by its having been exposed to light. 2dly. That 
it must be exposed to light of a certain intensity. 
3dly. That provided the light falling upon the 
phosphoretic body be sufficiently intense, the most 
instantancous exposition suffices to saturate the 
body, so as to make it emit light visible in the dark, 
equally as if it had been exposed thereto for a longer 
time. | | 

It follows from hence, that light is matter, and 
that this solar substance may be retained in con- 
nexion with a body, either upon its surface, or con- 
nected with the gravitating matter of which the body 
consists. 


GENERAL OBSERVATIONS CONCERNING SEVERAL 
OPERATIONS OF LIGHT IN RELATION TO 

BOD TES. EXTRACTED FROM DR. HUTTON'S 
DISSERTATIONS ON DIFFERENT SUBJECTS OF 
NATURAL PHILOSOPHY. 


A body heated to an intense degree gives light, 
and light may be considered as matter moving in 4 
Straight. course directed from a body. It is a matter 
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of general observation, confirmed by the experi- 


ments of Mr. Pictet, that the intensity of heat in a 
body is diminished in proportion to the light which 
is emitted from the body. | 

Light emitted from a hot body, and meeting in 
its course with a colder body, whose temperature 
may be accurately measured, may be either reflected 
from the surface of the opposing body, or extin- 
guished within the substance of the body. In this 
last case, if, in proportion to the light extmguished 
in the body, the intensity of heat be increased, 
it may be concluded, that fire is moved from the 
body in light, but the intensity of heat in a body 
is increased in proportion as light therein is extin- 
guished; it therefore is, as to matter, the same with 
lire. 

Heat and light may thus be considered as dif- 
ferent modifications of the same matter, or different 
actions, according to the several conditions in which 
that matter may be placed. 

Light, which is incident in relation to a body, 
may be either reflected or transmitted, or both, and 
that in the greatest part. So far as light is reflected 
from the surface, or transmitted through the sub- 
stanee of a body, no heat should be excited in con- 
sequence of this modification of matter, which is 
not that of heat. This is consistent with observa- 
tion, for no heat is excited by reflected or trans- 
mitted light. 

By fire the volume of bodies may be changed; 
by light the figure of bodies may be perceived; but 
we know not whether fire and light have a proper 
. bodily form; yet their existence is manifested by 
their effects; their actions, or laws of motion, are 
inferred or discerned by reason. F 

Nothing is more distinet than light and fire in 
their proper sensible qualities, but these sensible 
qualities are conditional. On the one hand, fire 
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is not felt, if the sensitive body rves its natural 
or pro ity of this substance; on the other 
hand, light is not perceived when falling on the 
skin or hands. As the conditions therefore neces- 
sary to the productions of those several sensations 
are perfectly different, from those different sensations 
we cannot conclude the matter employed in both is 
not the same. | | 

Bodies in relation to light are either luminous or 
illuminated. It is only by means of light that bodies 
become visible, and this light must proceed from 
luminous bodies. N 

As bodies, by having the intensity of their heat 
sufficiently increased, may become luminous or 
made to emit light; if the light of bodies is consi- 
dered in this most general view, the elass of lu- 
minous bodies will be thereby greatly augmented. 

In order to distinguish bodies that are properly 
luminous from those that only emit light in conse- 
quence of heat, it will be proper to observe, that 
bodies emitting light in this last manner, are not 
changed further * necessarily follows from the 
operation by which the proper degree of heat is pro- 
duced; consequently, these bodies may return to 
their ſormer state, and, by being again heated, may 
have these operations repeated without limitation. 
But bodies properly luminous are limited in the 

antity of light which they had retained, and which 
they are able to emit; after which those bodies, ex- 
hausted of their proper light, can only be luminous, 
in consequence of fire acting as heat. 

Bodies that are eminently luminous must emit 
a quantity of light which had been contained in 
them; such bodies must therefore contain à certain 
species of matter in their substance, and this is called 
phlogistic inftammadle or combustible matter. Now 
this phlogiston may, in the chemical operations of 
matter, be translated "om yan substance of one body 
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to another; by which means bodies are made phlo- 
gistic, or capable of becoming eminently luminous, 
that were not so before. 5 

All bodies that are made to give light require a 
certain degree of heat, without which they will re- 
main without giving light; so that all bodies that 


are to emit light, whether properly luminous or not, 


agree in having the emission of light as a conse- 
quence of heat, and in requiring a certain intensity 
of heat as a necessary condition for the emission of 
light: so far as this is the case, without heat bodies 
could not give light. | 

Heated bodies emitting light, I have already 
observed, are thereby continually losing heat, while 
colder bodies exposed to light, are receiving heat; 
such bodies, therefore, must have both their heat 
and light continually diminished, by forming an 
equilibrium of heat with contiguous and surrounding 
bodies. | 

It is otherwise with combustible bodies, for though 
these require a certain degree of heat as a condition 
of their emitting hight; yet, as they also emit light 
upon other principles, so, during their emission of 
light, appearances take place very difterent from 
those of bodies that are only luminous by the inten- 
sity of their heat. OT Fr eng nlch 
The solar substance appears to be variously modi- 
fied in relation to bodies, or differently 4 
with regard to space and things; it is in one place 
fire, in another light, in a third electricity. In each 
of these modifications there are — * perceived 
actions with different intentions, but not opposite 
natures. From various similitudes, the several 
actions are concluded as belonging to the same kind 
of matter, from the separate purposes perceived 
in their various distinguished or different moditi- 
cations. | | 


- 
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- Boches, in relation to light, may be distinguished 
as of two different kinds; one kind giving light of 
their own, or which had been part of their substance, 
immediately before the act of emission; the other 
kind giving no light, except that with which they 
are illuminated from other bodies. Hence a general 
distinction of bodies, some being luminous, others 
dark or opake. | ; 
Bodies, in relation to that light with which they 
are illuminated, are considered as of two kinds, either 
transparent or opake. Here is therefore another 


sense, in which opacity may be taken; conse- 


quently, before the various affections of light and 
bodies are examined, it will be proper to have a dis- 
tinct notion of this quality, which may perhaps be 
considered in different senses. | 

Opacity, as a quality in bodies, may be considered 
either in a more limited or in a more extensive sense; 
in the one case it signifies want of transparency; in 


the other, that no light comes from a body. The 


first is a quality, properly or only opposed to trans- 
parency; the last will signify darkness in a body, 
from whatever cause. 

Opacity being considered in the most extensive 
sense, then, as there are two different principles of 
lumination, or modes by which light may proceed 
from a body, the quality of opacity may be examined 
in relation to each. 

Light properly belonging to a body, being emit- 
ted, is said to come from a luminous body; there- 
fore opacity, in being applied to a body, may mean 
a body that emits no light of its own. But as, in 
this case, the light to be emitted is supposed to be 
part of the body, or its substance's opacity, in this 
particular sense, will mean a quality only in relation 
to the substance of the body, and not to its form, 


that is, to its figure and volume. 
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At the same time that this quality of opacity is 
thus found to be applicable only to the substance of 
a body, it must also appear that this is only a nega- 
tive quality, meaning, that the body has no light of 
its own to emit; or, if it does contain luminous mat- 
ter, that there are not proper conditions for the emis- 
sion of that substance. 

With regard to the other mode of giving light, 
when a body may have opacity, or shall be consi- 
dered as opake, this relates to incident or foreign 
light. Light falling on a body may be either re- 


flected, in which case it illuminates the body, or it 


may be transmitted, in which case the body is trans- 
parent; in neither of those two cases, is opacity, 
as a quality, necessarily perceived in that body. 
But light entering the surface of the body, and being 
there retained without immediate emission, here is 
to be perceived a quality in the body, which, at 
the same time that it is a positive quality, is also, 
properly speaking, the quality of opacity, as being 
opposed to the transmission of light, which is trans- 
parency. 

In this case of opacity, considered as a positive 
quality, no relation is to be perceived between form, 
figure, or volume, the proper qualities of a body, 
and this quality or power in relation to light; there- 
fore opacity, in this most proper sense, must be con- 
sidered as a quality, which, whilst it is positive, be- 
longs only to the substance of the bas, and may 
be properly examined without attending to the form 
or volume. | 

Transparency consisting in the free transmission 
of hight through a body, the absolute solidity of the 
particles of matter in a body must be inconsistent 
with that quality; for, as transparent bodies trans- 
mit light equally in all directions, it is only by sup- 
posing the resisting parts of the body to be the un- 
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resisting parts, in a ratio less than any assignable 


proportion, that this quality of perfeet transparency 
can be thought consistent with the extension, and 
direct motion of the rays of light. At the same 
time, in judging from the hardness and incompressi- 
bility, if these are supposed to depend upon the soli- 
dity of the substance, there must be a great propor- 
tion of matter in the body. | 

But as there 1s no reason to doubt of the perfect 
transparency of bodies, considered solely as a trans- 
mitting quality, there is perhaps every reason that 
can be drawn from the concurring testimony of na- 
tural appearances, to justify the supposition, that, 
in a transparent body, the absolute volume of matter 
necessarily opposing the passage of light, and the 
absolute volume of the parts of light that must ne- 
cessarily be opposed in passing through that body, 
are, to the rest of the space, in a ratio less than any 
assignable proportion. - This being the case, it must 
be evident, that those two qualities of transparency 
in relation to the rays of light, and resisting power 
in relation to external force, are things plainly in- 
consistent, if we are to suppose solid matter to be 
the principal of bodies. 

On the other hand, opacity, considered as a qua- 
lity by which transmission through the substance 
of a body is refused, will appear not to arise from 
the necessary resistance of the matter in a body to 
the rays of hght from its extension, nor from the me- 
chanical disposition of that matter in any conceiv- 
able manner; for, Ist. According to any way of 
forming a judgment, with regard to the quantity of 
matter in a body, that quantity does not appear to 
have any influence in producing opacity, e 

2dly. The smallest examinable quantity of matter, 
suffieiently opake, appears to be as effectual to in- 
terrupt the passage of light, as the greatest quantity 
of matter not sufficiently opake; at the same time 
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this quality of opacity in a body, does not appear 
to be altered by any mechanica change or disposi- + 


tion of the parts; therefore, though the transpa- 
rency of bodies were explicable from the supposition 
of infinite strength and infinite rarity, in the solid 
matter and construction of bodies, this theory or 
supposition would still be inconsistent with the op- 
posite quality, that is, opacity in bodies; for, while 
the greatest quantity of a dense transparent sub- 
stance transmits light perfectly in every possible di- 
rection, the smallest quantity of a rare opake sub- 
stance suffices to arrest light or retain it, without 
reflexion or transmission. It is thus impossible, 
upon mechanical principles, to reconcile those two 
different qualities of bodies; therefore, independent 
of the insurmoyntable difficulty of canstructing 
the solid matter of bodies for those two opposite 
purposes, here is a demonstration from the simple 
quantities of the matter in bodies, by which it is 
proved, that opacity does not arise from any mecha- 
nical construction of solid matter; and, therefore, 
that bodies are not composed of solid matter and 
space, separate and contiguous. VA : 
Light appears to pass through the substance of an 
homogeneous transparent body with equal facility, 
as it is conceived to move in the rarest or voidest 
space; consequently, the matter of, such a body 
makes no sensible resistance to light. Therefore, 
it may be inquired, what kind of matter is this, that 
has not the power of resisting light? Or, what par- 
ticular powers in bodies are associated with this defi- 
ciency of power in relation to light? 
The hardest and softest bodies are equally trans- 
parent; light does not appear to be transmitted 
through a diamond with less facility than through 
the. air; therefore, that power jn bodies, which 
resists the motion of the parts in relation to each 


other with so great intensity, does not resist the - 
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motion of light, or this particular modification of 
matter. 

Fluid and concreted bodies, water and crystal, are 
equally transparent; consequently, that- power by 
which the parts of bodies are directed to particular 
situations, does not interpose any resistance to the 
passage of light. red 

Heavy bodies may be transparent as well as lighter 
bodies; glass of lead, crystal, ice, air, are all trans- 
parent bodies; therefore, as the matter of light ap- 
pears to have no gravitating power, the power of 
gravitation in bodies makes no opposition or resist- 
ance to the motion of light. 

The particular attractive powers of substances ap- 


pear to be no more disposed to resist the matter of 


light, than the general powers of bodies which have 
been considered; thus air, water, acid, alkali, and 
neutrals, are all transparent. 

Therefore, from the examination of bodies with 
regard to transparency, this general conclusion may 
be formed, that the attractive gravitating matter in 
bodies appears to have no power calculated to oppose 
and resist light. | 

But in opake bodies, there are powers by which 
light is effectually resisted. 

In the transparent bodies already examined, every 
species of substance has been considered, except 


one; and this, which 1s phlogistic substance, not yet 


examined with regard to light, has been found ca- 
pable of opposing, resisting, and changing every 

neral attractive or gravitating power in bodies: 
therefore, on finding this substance properly adapted, 
whether in a mediate. or immediate manner, for 
the opposition, resistance, and change of light, 
the qualities of transparency and opacity in bodies 
will be properly explained; at the same time that 
this natural appearance of transparent and opake bo- 
dies, bcing in perfect consistency with the theory of 
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matter already investigated, will add that confirma- 
tion which in physical subjects is required. 

Transparent bodies have been considered as not 
affecting the light, which thus traverses their sub- 
stance with perfect facility; but it is a necessary 
condition for this purpose, that the substance be 
homogeneous, and equal in its density, or, that the 
body be sufficiently uniform in relation to the vo- 
lume occupied by its several parts; for a greater 
degree of density in one part of a body, otherwise 
perfectly homogeneous, disposes the body to affect 
the light in that part where the change of density 
takes place. | 

Hence the surfaces of contiguous bodies, which 
are transparent, but of different densities, are ob- 
served to affect light in different ways, and accord- 
ing to a certain rule. | * 

Thus reflexion, refraction, and extinction, are 
affections of light by transparent bodies, the rule or 
laws of which, to the honour of philosophy, have 
been so well investigated. | 

From the particular laws observed in those cases, 
there is reason to conclude, that there are certain 
powers situated in a place, corresponding to the sur- 
faces of bodies, by which light, that otherwise would 
be unaffected, may be both deflected in its course, 
and arrested in its motion. But on considering 
electricity, there are ſound certain powers situated 
precisely in this place; and, as the matter of elec- 
tricity, which is properly situated in this place, and 
that proper to phlogistic substance by which alone 
Tight has appeared to be affected, are of the same 
kind, being different modifications of the same spe- 
cies of matter, there is reason to conclude, that the 
powers by which light is affected at the sufaces of 
transparent bodies, are of the same nature with those 
by which, in opake bodies, light ts also found to be 
affected, 
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The experiments on this subject by Sir [saac New- 
ton were the last that he made, and are acknow- 
ledged by himself to be incomplete; those who have 
followed him in this delicate and important depart- 
ment of natural philosophy, have done little more 
than added some insulated facts to those observed 
by him. The law followed by the powers that inflect 
the light, and the limits of its action, are yet un- 
known. One, however, of the general results from 
the experiments is, that bodies act upon light at small 
distances by attraction and repulsion. 

If a beam of the sun's light be admitted into a 
darkened chamber, through a hole of the breadth 
of a forty-secondth part of an inch, or thereabouts, 
the shadows of hair, threads, pins, straws, &c. 
appear considerably larger than they would be if 
the light passed by them in straight lines. For ex- 
ample, a hair, whose breadth was the 280th part of 
an inch, being held in this light, at about twelve feet 
from the hole, cast a shadow, which at the distance 
of four inches from the hair was the 00th part of an 
inch broad, that is, ahove four times the breadth of 
the hair. And the effect is the same, though the 
density of the medium contiguous to the small 
body be altered, the shadow at like distances being 
equal, whether it was in the open air, or inclosed 
between two plates of wet glass, care being taken 
that the incidence and emergence of the ray was 
perpendicular to the glasses. The scratches on 
the surface, or veins in the glass, cast shadows 


broader than they ought to be, from the usual re- 


fraction which might arise from any action of the 
ambient medium. 
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Let x, plate 7, fig. 2, be a hair placed in the 
beam; ADG, BEH, KNQ, LOR, rays of light 
passing by the sides of it, are bent at x, and falling 
upon the paper G Q, the two rays TI, VS, pass by 
the hair without being deflected; but all the rays 
between TI and VS are bent in passing by the 
hair, and turned aside from the shadow I S. The 
light passing nearest the hair, as at D and N, is 
most bent passing to & and Q; those that are far- 
ther off, as at E and O, are less bent; and so on 
to TI and VS: consequently, the action upon the 
rays of light is strongest at the least distances, and 
grows weaker and weaker as the distance of the ray 
passing by is increased. | 
The shadows of all bodies in this light are bor- 
dered with three parallel fringes of coloured light; 
the nearest to the shadow is the brightest, and the 
furthest very faint; the order of the colours, reck- 
oning from the innermost, are violet, blue, green, 
yellow, red. On looking at the sun through a fea- 
ther or black ribbon, held close to the cye, several 
fringes of colours will appear. | 
Let a beam of the sun's light be admitted through 
a hole one-fourth of an inch broad; place a sheet of 
pasteboard, blacked on both sides, at about three 
feet from the hole; in the middle of the pasteboard 
let there be a hole, three-fourths of an -inch square, 


for the light to pass through; behind the pasteboard 


fasten the blade of a sharp knife, so as to stop part 
of the light going through the hole. The knife and 
pasteboard are to be parallel, and both to be at 
right angles to the beam. Let a part of the light, 
which passes by the knife's edge, fall upon a white 
paper at about three feet distance, and there will be 
two streams of light shooting out both ways into the 
shadow, somewhat like the tails of comets. These 
streams being very faint, it is necessary, in order tq 
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see them distinetly, to let the direct rays pass through 
a hole in the paper on a piece of black cloth; the 
light of the streams is then perceptible on the paper 
to the distance of six or eight inches from the sun's 
direct light each way, and in all the progress from 
that direct light decreases gradually till it becomes 
insensible. 

Placing another knife with its edge very near and 
parallel to the first, if they be distant the 400th part 
of an inch, the stream of light passing between them 
will be divided, parting in the middle, and leaving a 
dark shadow in the interval: as the edges approach, 
the shadow grows broader, and the stream narrower 
at the inner end: so that the light that is least bent 
goes to the inner end of the stream, and passes at 
the greatest distance from the edges. This distance 
is about the 800th part of an inch; when the shadow 
begins first, the light which passes at less distances 
is more bent, and goes to that side which is farthest 
from the direct light: a little before the shadows 
appear, the fringes commence on both sides, and as 
the knives approach, they grow more distinct and 
larger; till, upon contact of the knives, the whole 
light vanishes, leaving its place to the shadow. 

Admit a beam of the sun's light through a small 
hole, made by a pin in a thin plate of lead, and place 
a prism at the hole to retract the light on the opposite 
wall. The shadows of all bodies held in the coloured. 
light, are bordered with fringes of the colour of that 
light in which they are held; in the red, they are 
red; in the blue, blue, &c. but the fringes in the 
red light are the largest; those in the violet, least; 
the green between both, and this at all distances 
from the small hole. 

So that the rays which made the fringes in the red 
light, passed by the hair at a greater distance than 
those which made the violet fringes; consequently, 
the hair in causing these fringes, acted suni ly 
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upon the red rays, which were at a greater distance, 
as upon the violet at less distances; and by these 
actions disposed the red light into larger fringes, 
and violet into smaller, &c. without changing the co- 
lour of the rays. ' 

When a hair is held in a white beam of solar light, 
and casts a shadow which is bordered by three fringes 
of coloured light, these colours arise from the various 
inflections by which the rays are separated, and, 
being separated, produce each its own colour. In 
the last experiment, where the rays are separated 
before the light comes to the hair, the red or least 
refrangible rays were inflected at greater distances, 
and the violet or most refrangible rays at a less dis- 
tance; making three violet fringes at a less distance, 
whilst the red makes three red fringes at a greater 
distance; the mean rays making three fringes of 
their proper colours at mean distances from the sha- 
dow of the hair. In the white light these various 
colours are separated by the various inflection of the 
rays, and their fringes appear altogether; the inner- 
most being contiguous, make one broad fringe, com- 

of all the colours in due order, the violet 
being next the shadow and the red farthest off, and 
the rest in their places. In like manner the middle- 
most fringes constitute one broad fringe of all their 
colours, and the outmost fringes compose another 
broad fringe like the rest; and these are the three 
fringes of coloured light with which the shadows of 
all bodies are bordered. 2 

From these, and some other experiments of the 
same tendency, it may be inferred that the rays of light 
are influenced by some power that turns them out of 
their direct road; and as this power bends the rays, 
not into the sbadow of the bodies from whence the 
influence is supposed to proceed, but from the sha- 
dow, it has been considered as a repulsive power 
which is strongest at the least distance. 
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o THE ACTION OP LIGHT ON BODIES, AND 
THAT THE COLOUR OF PLANTS, &c. DEPBNDS 
ON LIGHT. 


You will often find that philosophical knowledge 
makes quicker advances by reasoning upon known 
facts, than by discovering new ones, which, though 
they enlarge and add to the subjects we ought to 
reason upon, are apt by their novelty to surprize us 
into hasty undigested theories. We have a strange 
propensity to be looking either behind or before us 
for variety, instead of cultivating the fruitful s 
we stand upon. I am led to make this and some of 
the following observations from the subject before 
us, which has been too much neglected by modern 
philosophers: we have treatises on light, as separated 
and divided by the prism; on heat, as measured by 
the thermometer; but none on that ocean of the 
solar fluid, in which all bodies are as it were im- 
mersed;* none upon the various influences of the 
sun, upon which the life and activity of all things in 
this natural world depend. They seem to have for- 
gotten, that the processes continually carrying on in 
nature, on every side, are as much the instruments 
of knowledge, as the more refined apparatus of the 
experimental philosopher. Sense and experience ac- 
quaint us with the course and analogy of appearances 
or natural effects; though reason and intellect intro- 
duce us into the knowledge of their causes. 

To avoid the conjectural method of some former 
3 those of the present day are continually 

ouring to accumulate unconnected facts; think- 
ing every new form, or every new appearance, an 
important discovery; seldom endeavouring to trace 
out their connection with superior and inferior 


* Young's Essay on the Power and Mechanism of Nature. 
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causes, on which all their real powers and activities 
depend. If we stop at experiments, without pro- 
ceeding any further, we shall never arrive at any 
causes; and if we rely wholly upon experiment, we 
shall come at none but false ones; because the prin- 
cipal agent in nature is so subtile as to elude both 
sense and experiment, so that they can never disco- 
ver it; though, when we have been told of it, they 
will serve to demonstrate its observations. 

The ancients paid little attention to experimental 
philosophy, but devoted themselves with a truly phi- 
losophical ardour to the observations of the pheno- 
mena of nature; and that process was consonant to 
sound reason, for experiment is only properly called 
in to fill up the chasm which simple observation ne- 
cessarily leaves. 

The department of experimental philosophy is the 
unfolding of those phenomena, whose causes cannot 
be discovered by unassisted reason, and whose con- 
nection it cannot trace; the advancement therefore 
of this branch of science depends on the number 
and accuracy of our observations, with respect to the 
relations which natural objects have to each other. 

It has been well observed by Dr. G. Fordyce,* that 
* all our knowledge of every thing whatever must 
arise from experiment only, that is, from the evi- 
dence our senses give us of whin appearances nature, 
in other words, the creatures of the Almighty, give 
impressions of.“ Yet, some of these impressions 
are received from the ideas that arise from things 
not at all under our dominion, or from circumstances 
more immediately governed by the Almighty. Thus, 
ſor example, a man sces a tree lose its leaves in 
autumn, sees them renewed in spring, and a new 
growth takes place during the summer; he sees the 


blossoms open it the spriug; these he finds followed 


* Fordyce on the Digestion of Food. 
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by the fruit, which, if it falls into the earth, is capa- 
ble of producing new trees of the same species; or 
he sees it gathered by animals, and affording nou- 
rishment. In this mode of acquiring knowledge, 
man 1s totally passive; he did not contrive to make 
leaves fall in the autumn, and be re-produced in 
spring; he did not contrive to make new wood grow 
in the summer, nor that blossoms should open, that 
the seeds should be impregnated with the embryo; 
he did not contrive that the fruit should grow, nor 
did he teach animals that it was fit for their nou- 
rishment. What knowledge is acquired by atten- 
tion to these natural circumstances, has been called 
observation. It is, indeed, a contemplation of the 
benevolence of the Almighty, giving nourishment 
and happiness to all the inhabitants of the earth. 
© The minds of mankind, not satisfied with their 
wers of observation of what passes in this earth, 
ut being even forced for their own subsistence to 
exert themselves far beyond the brute creation, are 
necessarily led to make a farther inquiry, and that 
with a labour beyond the contemplation of the 
benevolence of the Almighty. To those creatures 
who have only this earth to exist in, food and rai- 
ment are afforded without labour or attention, du- 
ring the short period of their lives. It is not suffi- 
cient for the farmer to look where grain grows 
naturally; it is necessary to try, with an infinite 
variety of applications that may be made to the 
ground, to produce crops superior to those which 
would arise in it without any cultivation. It is ne- 
cessary for the hunter not only to observe the natural 
history of wild beasts, but also to try by what means 
he can engage them to fall into his toils. It is ne- 
cessary for the fisherman, besides admiring the mul- 
tiplicity of fish, to be able to contrive either to 
entangle or surprize them into his nets. In many 
VOL. 11. 6g 3 0 
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other cases, it is necessary for mankind not only to 
contemplate those things which happen naturally, 
but he is likewise constrained to form projects of his 
own, and to contrive means of putting both mind 
and matter in circumstances foreign to what would 
naturally arise in them, and contemplate the effects; 
and this we call experiment. 

Thus observation and experiment are the sources 
of all the knowlege of mankind. 

«© Man seems to have a degree of pride planted in 
his nature, which prompts him constantly to con- 
sider himself as being far superior to what he actu- 
ally is, which instinct is the surest proof that he is 
to be very superior indeed.“ But as all the virtues 
of man are ballanced by opposite impertections; the 
pride of experiment has often thrown scienee into 
confusion, instead of advancing its progress. An 
experiment to prove a thing otherwise demonstrable 
is totally superfluous, and not only superfluous but 
fallacious.“ | 

Another circumstance which injures philosophical 
pursuits, and retards their progress, is the neglect of 
old principles as soon as new ones are assumed, as if 
their efficiency ceased immediately, like that of old 
ministers of state upon the introduction of new ones. 
Tf the placita of their predecessors were not lost sight 
of or neglected, they would sooner attain the end of 
their inquiries, than by being so intent on their own 
discoveries, as to negleet, as rubbish, all those cir- 
cumstances that were formerly of such moment. 

That light and fire are substantially the same, or 
different modifications of the same fluid, is evident 


Every vanity of man shews his degraded state, and from what 
dignity he has fallen. Did not man find and feel that he is a mY 
prisoner in the valley and shadow of death, he would no more have 
any of those instincts alluded to above, nor any reaching desire 
after all the beauties of fallen nature, than the ox to have his pas- 
ture inclosed with beautiful walls and painted gates. 
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from their commutability, or their reciprocal gene- 
ration of each other. For, as fire necessarily gene- 
rates light, and thus discovers itself to the sense of 
seeing as infallibly as to the feeling; so light con- 
veyed to a focus, constitutes pure fire. Light and 
heat are propagated by the same laws; they act in 
straight lines, they diffuse themselves from a center 
outward, their powers decay according to their dis- 
tances from the centers from which they are irradi- 
ated, they are subject to the same laws of reflexion. 
Notwithstanding that the phenomena of nature, 
which tend to ascertain beyond doubt that the mat- 
ter of common light or fire pervades all nature and 
fills all things, are exceeding numerous and obvious 
to every eye; yet the whole as been overlooked as 
an accidental filtration, implying no consequences, 
nor interfering with the various properties of bodies, 
notwithstanding its access to their innermost pene- 
tralia. — 
Our globe itself seems to be nothing more than 
an accumulation of terrestrial materials, introduced 
into the boundless ocean of the solar fluid, for a 
theatre on which it may display its inexhaustible 
power and energy; the mass being so disposed and 
arranged by its Author, as to become a seminal bed 
of materials, to be pierced and animated by light; 
and from which materials, light can extricate all the 
forms, and generate all the powers in nature. 
Without this principle, all that we call body 
would remain for ever an inactive, passive incoherent 
calx, Water by its transparency evidences to your 
senses, that light has free access into and through 
its substance. By the volatilization of water, it is 
equally evident, that light or fire has not only access 
to its interstices, but penetrates and occupies. its 
Similar elementary particles; in the conformation 
of which particles the character of water consists. 
These particles could not be rendered volatile but 
Gg 2 
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by internal dilatation, nor could they be dilated but 
by something that reached their internal parts; they 
have their individuality as separable elementary par- 
ticles, as well as their similarity of character pre- 
served by the etherial principle possessing them. If 
the natural life of all things depends upon the acti- 
vity communicated to them by the sun, is it not 
evident that it is the same influence which must 
generate and maintain that life in all its specific cha- 
racters, in every being according to its kind? 
When the sun is said to rule over the day, and to 
have been made for this end, what else can be un- 
derstood but that he acts as a vicegerent, and is 
invested with a mechanical power of giving light, 
life, and motion, to such objects as are ordained to 
receive his impressions? All nature revives and puts 
on a new face, when he approaches us in spring; 
and sinks into a temporary death, at his departure 
from us in the winter, That he acts in a mecha- 
nical manner, 1s also certain, because a chain of 
matter is continued all the way from the agent to 
the object. His power consists not in any immate- 
rial quality, because 1t observes the same geometrical 
law with the diffusion of its light; and dis efficacy 
upon the production of the earth is greatest, when 
the greatest angle is formed between the horizon and 
his rays. A good telescope will shew you what 
changes are produced in the refraction of the atmos- 
phere, and what a tumult arises in the air from the 
agitation of the sun- beams in the heat of noon- day; 
the heaven seems transparent and undisturbed to the 
naked eye, while a storm is raised in the air by the 
impulse of light, not unlike what is raised in the 
waters of the sea by the impetuosity of the wind. It 
increases with the altitude of the sun; and when the 
evening comes on, it subsides almost into a calin.“ 


* Chaptal's Elements of Chemistry. 
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Light is now no longer considered by chemists * 
merely as an ideal substance; they perceive its in- 
fluence in many of their operations, and, as it modi- 
fies many of their results, they find it necessary to 
attend to its action, 

The effects of light are more evident in the phe- 
nomena of nature, than m the experiments performed 
in the laboratory. 

Light is absolutely necessary to plants; vegetation 
does not succeed without it; deprived of this prin- 
eiple, they become pale, languish, and die. It 
appears from incontestible facts, that the root of the 
most variagated flower, though excluded from the 
external air under a glass vessel, will, provided it be 
daily exposed to the light of the sun, arrive at its 
utmost perfection both with respect to fragrance and 
colour; but if the process be reversed, and the air 
admitted without the light, the flower may, perhaps, 
grow to its natural size, but we shall in vain look 
for that beautiful variety of vivid colouring, and that 
exquisite perfume which nature bestows on every 
individual of the species, when permitted to imbibe 
and enjoy the solar beam. 

The same fact is further evinced by a variety of 
experiments by several French academicians, in 
which the light was admitted to one part of a plant, 
and excluded from the others. The invariable effect 
of this was, that the part exposed to the sun was of 
a lively green, while that which was shaded conti- 
nued of a disagreeable pale colour. Nay, so power- 
ful are the effects of the sun's light on vegetables, 
that, when deprived of it, their tastg and other native 
properties undergo such a change, that some, in 
their nature poisonous, become a safe and wholesome 
food. Without the influence of light, vegetables 


* Jones's Essay on the First Principles of Philosophy, 
— Physiological. Disquisitions. 
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would exhibit one lifeless colour, and are deprived 
of their beautiful shades by the interception of the 
luminary fluid. On these principles, celery, endive, 
and other plants are bleached. 

All these circumstances evidently shew, that there 
is something in light absolutely necessary to vegeta- 


ble life. Hence all plants shew a remarkable sensi- 


bility to the light; they expand their leaves and open 


their flowers to the sun, and close them the moment 


he disappears. Many accurate experiments prove, 
that it is not the heat, but the light of the sun, that 
causes them to turn to him. A plant in a room 
where there is a fire, turns its flowers to the light 
which comes from the colder side. 

Many experiments shew, that the change of posi- 
tion in the leaves of plants, at different periods of 
the day and night, is entirely owing to the agency 
of light. The upper surfaces of leaves, which are 
supposed to be their organs of respiration, seem to 
require light as well as air; for plants, which grow 
in windows on the inside of houses, are as it were 
solicitous to turn the upper sides of their leaves to 
the light. This agent is subtile, active, and pene- 
trating; by the smallness of its constituent particles, 
it is capable of entering all bodies; and, from its 
activity, of producing great effects and considerable 

ges therein. 

Vegetables are not only indebted to the light for 
their colours, but likewise for their smell, taste, 
combustibility, maturity, and the resinous principle, 
which equally depend upon this fluid.“ The aro- 
matic substances, resins, and volatile oil, are the 
inheritance of southern climates, where the light is 
more pure, constant, and intense. All these cir- 
cumstances, it is hoped, will concur to make you 
attentive to the nature and office of the sun. The 


* Chaptal's Elements of Chemistry. 
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sun is the united power of fire and light, and by 
these powers calls forth from the earth a beautiful 
variety of vegetable life, cloathing them with its 
own brightness and beauty, and rendering them 
holders and displayers of all its colours, powers, and 
virtues. ATE 

The influence of light is evident on other ani- 
mated beings: worms and grubs, which live in the 
earth or in wood, are of a whitish colour. Birds, 
and flying insects of the night, are likewise distin- 
guishable from those of the day by the want of bril- 
liancy in colouring; and the difference is still more 
marked between those of the north and of the south. 

A very astonishing property of light upon the ve- 
getable kingdom is, that when vegetables are exposed 


to open day-light, or to the sun's rays, they emit 


oxygene or vital air.“ 

It has been proved, that the sun does not act in 
the production of this phenomenon as a body which 
heats. The emission of air is determined by the 
light; pure air is, therefore, separated by the action 
of light, and the operation is stronger as the light is 
more vivid. It would seem that light favours the 
work of digestion in the plant, and that the vital air, 
which is one of the principles of almost all the nu- 
tritive juices, more especially of water, is emitted 
when it finds no substance to combine with it in the 
vegetable. Hence plants, whose vegetation is the 
most vigorous, afford the greatest quantity of air. 

By this continual emission of vital air, the Author 
of nature incessantly repairs the loss thereof occa- 
sioned by respiration, combustion, and the alteration 
of bodies, including every kind of fermentation and 
putrefaction: in this manner the equilibrium is al- 
ways maintained between the constituent parts of 
the atmosphere. | | 


* Lecture xi. 
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Scheele and Berthollet have shewn, that the ab- 
sence or presence of light has an astonishing effect 
upon the result of chemical experiments. Light 
disengages vital air from several fluids, such as the 
nitrous acid, dephlogisticated marine acid, &c. it 
reduces the calces of gold, silver, &c. it changes, 
according to Mr. Bertholle, the nature of oxygenated 
muriates. M. * has shewn, that it determines 
the phenomena of vegetation, exhibited by saline 
solutions. These circumstances shew the impor- 
tance of light, and how much its agency in nature 
should be attended to by every philosopher: heat 
often accompanies light, but some of the pheno- 
mena we have mentioned cannot be attributed to 
mere heat; heat may indeed modify them where it 
exists, but it is not the producing cause. 

There are many instances, where the action of 
the solar light contributes to the destruction of co- 
lour, and, instead of extricating vital air, fixes it, and 
produces a kind of combustion. In like manner 
phosphorus, while in the dark, is not affected by 
the oxygenated muriatic acid, even assisted by heat; 
but, when the action of light concurs, it is con- 
verted into phosphoric acid.“ | 

A variety of facts shew, that vital air is capable of 
whitening or rendering paler the colouring matter 
with which it unites, perhaps by having produced on 
them the effects of a slight combustion. Vital air 
has considerable influence on the colouring particles 
of vegetables; these are formed chiefly in the leaves, 
flowers, and inner bark of trees, and by degrees they 
undergo a slight combustion: hence most trees 
contain faw n- coloured particles. 


* Bertbollet's Art of Dyeing. 


+ See what has been said on incipient ignition, under the articl: 
of Phogphont. Fi: POT : | 
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The manner in which the sun acts upon colours 


may be seen by examining the appearances presented 


by a solution of the green part of vegetables in al- 
cohol. | | 

If such a solution, which is of a fine green colour, 
be exposed to the light of the sun, it very soon 
acquires an olive hue, and loses its colour in a few 
minutes. If the light be weak, the effect is slower; 
and in perfect darkness the colour remains without 
alteration, or requires a great length of time. 

M. Bertlollet inverted over mercury a bottle half 
full of this green solution; when the colour was 
discharged, the mercury was found to have risen in 
the bottle, and consequently vital air had been ab- 
sorbed, the air having united with the colouring 
matter; on evaporating this liquor, its colour was 
immediately rendered darker, and became brown: 
the residuum was black, and in the state of charcoal. 

The light seemed therefore to have produced its 
effect by favouring the absorption of vital air, and 
the combustion of the colouring matter; the marks 
of combustion are not evident at first, but by the 
assistance of heat the liquor becomes brown, and 
leaves a black residuum. If the vessel containing 
the liquor holds no vital air, the light has no effect 
on the colouring matter. 

The effects of light on the colour of wood have 
been long observed; it preserves its natural appear- 
ance while kept in the dark, but when exposed to 
the light it becomes yellow, brown, or of other 
shades. M. Senebier found, that the changes were 


proportioned to the brightness of the light, that 


several folds of ribbon were required to defend the 
wood completely, when a single leaf of black paper 
was sufficient; that when paper of any other colour 
was substituted, the change was not prevented; that 
a single covering of white paper was insufficient, 
but that two intercepted the action of the light. 


* 


474 ACTION OF LIGHT 


These observations are important, as they prove that 
light can pass through coverings that appear to be 
opake, and exert its energy at some distance within. 

M. Berthollezt put tincture of turnsole in contact 
with vital air over mercury; one parcel he placed in 
the dark, the other was exposed to the light of the 
sun; the former continued unchanged for a consi- 
derable length of time, and the vital air was not di- 
minished ; the other lost much of its colour, became 
red, and the air was in a great measure absorbed, and 
a small quantity of fixed air was produced, which no 
doubt had occasioned the change of colour from blue 
to red. 

This observation may lead us to form an idea of 
some of the changes produced by a particular dispo- 

sition of the component parts of vegetable substances, 
when by the combination of vital air they undergo 
the effects of a slight combustion, which may ge- 
nerate an acid; as in the leaves in autumn, which 
grow red before they become yellow, and in the 
streaks observable in flowers, whose vegetation is 
growing languid. 20 

The success of the present age in arts, experi- 
ments, and new systems, is very apt to elate the 
minds of men, and make them overlook the an- 
cients. But notwithstanding the encouragement 
and purse of princes, and the united endeavours of 
great societies in these later ages, have extended ex- 
282 and mechanical knowledge; yet it must 

owned, the ancients were not ignorant of many 
things, which are now more generally, though not 
first known. Their notions of fire and light, the 
result of observation, were for the most part just. 
They considered the principle of motion and vegeta- 
tion as delibations from the invisible fire of the uni- 
verse, which, though present to all things, is not 
nevertheless one way received by all; but m_—_ 
imbibed, attracted, and secreted by the fine capil- 
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laries and exquisite strainers in the bodies of plants 


and animals, and is thereby mixed and detained in 
their juices. They supposed the elaborate spirit, 
whereon the character, distinguishing virtue, and 
properties of the plant depend, to be of a luminous 
and volatile nature. 

It was from an etherial and luminous fluid that 
they derived the many and various qualities, virtues, 
odours, flavours, and colours, which distinguish na- 
tural productions; conceiving that the original par- 
ticles productive of these properties were diversely se- 
parated, and attracted by the various suhjects of the 
animal, vegetable, and mineral kingdoms, which 
thereby become classed into kinds; and indeed with 
those distinct properties which continued till their 
several forms, or specific proportions of fire, re- 
turned into the common mass. 

They considered all the appearances of fire, even 
in earthly things, as something of a heavenly, ex- 
alting, and glorious nature; as' that which disperses 
death, darkness, and grossness, and raises up the 
power and glory of every life; that it was seldom 
seen in this world but as a destroyer, a consumer, 
and refiner of grossness; as a kindler of life and 
light out of death and darkness; that so much as 


any thing had of light, so much it had of heaven; 


and that this was rendered evident in the power of 
the sun, and manifested in the softness of sounds, 
the beauty of colours, the fragrance of smells, and the 
richness of taste. 

Before I finish this Lecture, I must make a fur- 
ther observation on colour, on account of the mis- 
chievous inferences deduced from the Newtonian 
theory, by Yoltaire, and some other infidel writers. 
These men suppose that light and colour, as appre- 
hended by the imagination, are only ideas in the 
mind, ond not qualities that have any existence in 
matter. Strange as this may seem, it has been uni- 
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versally received, and considered by some as one of 
the noblest discoveries of modern philosophy. 

By colours, all men, who have not been tutored 
in this school, understand not a sensation of the 
mind, which can have no existence when it is not 
perceived, but a quality and modification of bodies, 
which continues the same whether it be seen or 
not. The scarlet rose, which is before me, is still 
a scarlet rose when I shut my eyes, and was so at 
midnight when no eye saw it; the colour remains 
when the appearance ceases; it remains the same 
when the appearance changes; for when J view. this 
scarlet rose, through a pair of green spectacles, the 
appearance is changed; but I do not conceive the 
colour in the rose to be changed. To a person in a 
Jaundice it has still another appearance, but he is 
easily convinced the change is in his eye, not in the 
colour of the object. We can by a variety of optical 
experiments change the appearance of figure and 
magnitude in a body, as well as that of colour; we 
can make one body appear to be ten. But no man 
believes the ee 5 glass really produces ten 
guineas out of one; in like manner, no one believes 
the coloured glass changes the real colour of the ob- 
ject seen through it, when it alters the appearance of 
that colour. An 

Colour is not a sensation, but a secondary qua- 
lity of bodies, whereby in fair day- light they exhibit 
a certain and well- understood appearance; and there 
is a real permanent quality in bodies, to which the 
common use of this word agrees. Had modern phi- 
losophers given, as they ought to have done, the 
name of colour to the cause instead of to the effect, 
they would not have set philosophy apparently in 
contradiction with common sense; for they must 
then have affirmed with the vulgar, that colour is 
a property of bodies, and that there is nothing like 
it in the mind. Their language as well as their sen- 
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timents would have been perfectly agreeable to the 
common apprehensions of mankind, and true phi- 
losophy would have * hands with common 
sense. * 

Instead of seeking objections against revelation 
from every appearance in nature, the true philo- 
sopher. finds abundant ground therein to confirm 
and establish his faith; he learns from the adaptation 
of objects to the senses, the absurdity of those infi- 
dels, and their want of knowledge in the human un- 
derstanding, who require for conviction a stronger 
evidence in the objects of faith, than 1s to be offered 
for those of the other faculties. 

In examining the objects of various parts of in- 
tellect, do not we find men at a loss to prove in what 
manner they exist? Do they suspend their assent 
to the reality of a rose, till they can explain why the 
leaves are of a different colour, odour, and shape, 
from those of the lily? or why they are of any par- 
ticular smell, shape, or colour? Is it an objection 
to the evidence of the eye- sight, that the sounds of 
a violin are imperceptible by that organ? or because 
neither form nor sound are the objects of reason, that 
neither of them exists? Would not a geometrician 
treat with contempt the person who should deny the 
reality of the properties of a square, because they 
are irreconcileable with those of a circle? All that 
is required in these instances, is a consentancons dis- 
position in the objects and the faculties to impart 
and receive those ideas, and the mind rests convinced 
of their realities. 

The utility and pleasure which are derived from 
the senses are the great proofs which satify men of 
the reality of the objects of them. He, whose eye- 
8 ht prevents him from running over a precipice, 

ose ears are delighted with the powers of har- 


* Reid's bs into the Human Mind. 
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mony, can entertain no doubt of the existence of 
those objects; and whoever should attempt to e, 
that the first was not seen, and the latter not heard, 
would inevitably render himself an object of ridicule. 
And is not a man equally ridiculous, who denies that 
the objects of faith are real, though he is every day 
acquiring happiness, and obtaining security, as the 
result of them? The adaptation of the doctrines of 
faith to the nature of man, and the superior utility 
arising from it, are the strongest proofs of its divine 
original; their principles correspond to the faculties 
and wants of human nature, and its precepts to their 
welfare. 

To deny these proofs would be to reject all moral 
evidence, and even the existence of a Deity. When 
ve perceive all parts of matter fitted to the uses of 


creation; when we see that rain and sun are neces- 


sary to vegetation, and that the order and course 
thereof is such, that they never fail the purposes of 
their intention; is it possible to deny the providence 
of a Supreme Intelligence? In like manner, when 
it is discovered, that all parts of our religion coincide 
as perfectly with the nature of man and his welfare, 
is 1t not equally absurd to reject it as proceeding 
from the same source ? 

W hoever consults the sensations of his own mind, 
will feel the evidence of the hereditary evil of 
man as evincing, as the dry leaf is expressive of its 
having been in a more perfect state. What are 
the presentiments and presages of the soul, but the 
rernains of a more perfect intelligence? And what 

1s that abatement of pleasure which enjoyment tastes 

compared with the felicity imagination preconceives, 
but an indication of the defect in the — facul- 
ties? Like the evanescent colours of a declining 
tulip, they pronounce their former excellence. 

The sense of degradation, and of its being irreme- 
diable by the powers of man, creates those desires in 
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the human breast which are constantly yearning 
after a better state, and the belief of the necessity of 
a more perfect being to restore it. Here the idea of 
infinite mercy, inseparable from the Divine Being, 
leads the wes to see that its redemption can only be 
accomplished by the Supreme Being. Thus you 
may perceive, that the truths of christianity are 
obvious and plain; they speak the language of na- 
ture; and all nature is expressive of the sense and 
sound thereof; and points out the necessity of a 
Redeemer, whose existence and influence is as ex- 
tensive as nature itself. 

To shew that nothing under him, “ in whom we 
live, and move, and have our being,” could redeem 
us, our Redeemer, when he had shrouded his beauty 
with the veil of mortality, gave hourly and ocular 
proofs of his Godhead by the extent of his power in 
and over all things. © In his word was life, in his 
breath was healing, and sickness grew sound at his 
sight; the lame sprang up at his bidding, by him the 
deaf ear was opened, and the dumb tongue loosed 
to utterance; he poured the beams of his light upon 
the new opening eyes of the blind-born gazer; death 
fled before him, and amidst the tombs his word was 
life and resurrection; the tempest heard his voice 
and was still; the earth trembled with reverence; 
and the sea spread itself as a carpet beneath the foot 
of her Creator. 


«f Yet 

Even all his mighty works to me import, 

“ But as they greatly serve to authorize 

The mightier words he uttered—as the eye 

«« Bears witness to the light, or the charm d ear 
To tuneful undulation; so the heart 

« Strikes unison to his great law of LOVE, 
And proves his mission all DiviNs.” 
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LECTURE XXII. 


ON TELESCOPES. 


Ix our last Lectures, I endeavoured to render plain 
and easy to your comprehension, some of the great 
discoveries of Sir Bt Newton, who surpassed him- 
self in his Theory of Light and Colours, as much 
as he had exceeded others in his Principia. Both 
these works give testimony to the depth and clear- 
ness of his intellect, his skill in conducting ex- 
periments, and the comprehensive force of his mind. 
But far as he has penetrated into the recesses of 
light, the same Lectures must have convinced you, 
that many appearances are yet unexplained, many 
difficulties are yet unexplored; and that the in- 
stances are numerous which prove, that the in- 
ward constitution, the real causes, and connections 
of the most obvious phenomena, are beyond your ap- 
prehension. 

Vanity in any man is weakness; but a vain phi- 
losopher is the most absurd among men, for every 
new discovery demonstrates his imbecility; every 
new effect that is brought to light, serves only to 


convince him of innumerable others which remain 


concealed, and of which he had no previous know- 
ledge: the works of God are too vast, and of too 
large an extent for our capacities. There is such 
an expanse of power, wisdom, and goodness, in the 
formation of the world, as is too mighty for our 
grasp, too much for us to comprehend. Power, 
wisdom, and goodness, are manifest to us in all 
those works of God which are within our view: 
but there are likewise infinite stores of each poured 
forth throughout the immensity of the creation, no 
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part of which can be understood without taking in 
its reference and respect to the whole, and this is 
beyond the reach of human faculties. To whom 
hath the root of wisdom been revealed? or who hath 
known her wise counsels? There is one wise and 
greatly to be feared, the Lord sitting upon his throne. 
He created her, and saw her, and numbered her, and 
poured her out upon all his works. | 

These reflexions naturally occur to the mind when 
it contemplates the discovery of the telescope, and 
the advantage arising from it: for who, reasonin 
a priori, could have imagined that the refraction of 
light in a glass, the same power by which a straight 
rod appears crooked in water, whereby vision is va- 
riously distorted, and whereby we are liable to in- 
numerable deceptions, should ever be so circum- 
stanced as to extend the boundaries of sight, and 
enable us to distinguish objects too remote for na- 
tural vision? Yet. such are the powers science has 
bestowed, that by glasses, properly adapted to each 
other, we as it were contract space, and bring within 
our ken the grander objects of the universe; and are 
enabled to extend our inquiries beyond the boun- 
daries of the solar system. 

If Pliny, in regard to Hipparchus, could extrava- 
gantly say, Ausus rem Deo improbam annumerare pos- 
teris stellas, what would that pompous historian of 
nature have said, had it been foretold him, that in 
the latter days a man would arise, who should enable 
posterity to enumerate more new stars, than Hip- 
parchus had counted of the old; who should assign 
tour moons to Jupiter, and in our moon point out 
higher mountains than any here below; who should 
in the sun, the fountain of light, discover dark spots 
as broad as two quarters of the earth, and by these 
spots ascertain his motion round his axis; who, by 
the varying phases of the planets, should compose 
the shortest and plainest demonstration of the solar 
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system? Yet these were but a part of the annun- 
ciations to the world of a single person, of Galileo, 
of unperishing memory! To him, his cotempora 
and rival in Bend, Lord Bacon, ascribed the inven- 
tion of persp1cilla, for so at first were called the teles- 
copes, and in a figurative strain thus expressed him- 
self concerning them: „ With these (perprscilla) 
which Galileo, by a memorable effort of genius, hath 
discovered, we are enabled, as with some small sail- 
ing vessels, to open and keep up a nearer commerce 
with the stars.“ 

Nor did the celestial commerce cease with the 
acquisitions of Galileo, but has been extending ever 
since the time that that great man first turned his 
glasses to the heavens.“ In our own day, the 
energy and philosophie enthusiasm of Herschel has 
enlarged the boundaries of astronomical know- 
ledge, added a new planet to our system; the 
heavens have, as it were, increased — his eye; 
and 44,000 stars, seen in the space of a few degrees, 
seem to indicate that seventy- five millions may be 
discovered in the expanse exposed to human investi 
gation. N 

What is necessary for the conduct of our animal 
life, the bountiful Author of nature has made ma- 
nifest to all men. But there are many other choice 
secrets of nature, the discovery of which enlarges the 
power and exalts the state of man; these are leſt to 
be discovered by the use of our rational powers; they 
are hid, not that they may be always concealed from 
human knowledge, but that we may be excited to 
search for them: this is the proper business of a phi- 
losopher; and it is the glory of a man, and a reward 
for his labour, to discover that which has been thus 
concealed, 


* Sir Joby Pringle's Discourses, p. 228. 
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Thus in the subject before us, our eyes are in- 
capable of discerning objects, either very small or 
very distant; but the Creator has given properties 
and qualities to matter by which it may procure us 
these advantages: he elevated the understanding 
from one degree of knowledge to another, till it 
was able to discover these assistances for our sight. 
It is to the same power, therefore, who created the 
objects of our admiration, that we are ultimately 
to refer the means of their discovery; and whatever 
we find out by their means, becomes a fresh source 
of praise to him from whom we receive every 
blessing. 

The very great importance of the telescope has 
made the first discovery of it an interesting object of 
inquiry; but no rescarch has been able to ascertain 
either the exact period when it was first found out, 
or who was the inventor. It has been by some, and 
with no small degree of probability, attributed to 
the famous friar, Roger Bacon, before the year 1300, 
and it is worth your while to be acquainted with 
some of his expressions. Lenses and specula may 
be so figured, that one object may be multiplied 
into many; that those which are situated at a great 
distance may be made to appear very near; that 
those which are small may be made to appear very 
large, and those which are obscure very plain; and 
we can make stars to appear wherever we will.” 
These and other expressions and tracts of this author 
seem to indicate, that he was well acquainted with 
the nature, construction, and use of telescopes, and 
all the glasses which compose them; but some mo- 
dern critics in the science not only deny him the 
invention, but even the knowledge of any such 
construction, as we at present call telescopes, though 
he mentions the refractions of the sun's rays through 
a glass sphere; but as he does not say, folideni verbis, 
that he ever viewed an objeet through such a sphere, 
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Dr. Smith supposes that he had no experience of 
"Us magnifying power. In the same manner, had 
Seneca described his glass ball, filled with water, 
only as a burning-glass, it might have tempted us 
to argue that he knew nothing of its use in magni- 
fying letters; but he has precluded conjecture by 
declaring the contrary. He might know more than 
is spoken of; the mathematicians and workers in 
glass of those days might know more than he did. 
From the foregoing and other expressions of our 
countryman, Friar Bacon, there is little doubt but 
that he was acquainted both with spectacles and 
telescopes. | 
* Friar Bacon, says the Rev. Mr. William Jones,“ 
may be considered as the first of English philo- 
sophers; his profound skill in mechanics, optics, 
astronomy, and chemistry, would make an honour- 
able figure in the present age; but he is entitled to 
further praise, as he made all his studies subservient 
to theology, and directed all his writings, as much 
'as could be, to the glory of God. He had the 
highest regard for the sacred scriptures, and was 
persuaded they contain the principles of all true sci- 
ence. He had a liberal way of considering things, 
not adhering servilely to his subject, but using all 
the sciences of which he was master to illustrate 
each other. It is very unjust to speak of philosophy, 
as if it was unknown till the last century, when in 
reality a scholar furnished with no materials, but 
such as might be extracted from Friar Bacon's works, 
would yet be a very considerable person, and enti- 
tled to no small degree of fame among the literati of 
the present age. He would excel as a mathemati- 
cian, experimentalist, physician, chemist, artist, 
astronomer, philosopher, and divine.” 
* Jones's Physiological Disquisitions, Introduction. 
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Men of learning have been divided in their opi- 
nions concerning the optical knowledge of the an- 


cients; some are so swallowed up by an admiration 


of the discoveries that have been made in the last 
and present century, that they have been tempted 
to pass sentence upon the ancients, before they 
knew what the ancients have said for themselves. 
It is said, indeed; that if dioptric glasses were an- 
ciently in use, it is strange we find them so seldom 
mentioned in their writings. This may be hard to 
account for, but it is unsafe to draw a positive con- 
clusion from negative evidence. The accounts we 
have of many ancient works of art are 80 much 
broken by the injuries of time, the ambiguities of 
language, the succeeding interests of different sects 
of philosophers, the barbarism of succceding ages, 
that it is now very difficult to establish the supposi- 
tion by satisfactory proofs. 

If we argue by inference, the case will be a little 
altered. The cabinets of the curious contain some 


very ancient gems, of admirable workmanship, the 


figures on which are so small, that they a 

beautiful through a magnifying glass, but altogether 
confused and indistinct to the naked eye: and if 
they cannot be viewed, how could they be wrought 
without the assistance of glasses? How could it 
be known, that the moon has a form like that of 
the earth; that it bas plains, hills, and vallies in it? 
When it is seen through a telescope, the disposition 
of light and shade render this evident, agreeable to 
the common rules of perspective; but no such thing 
appears to the naked eye. How could it be known 
that the via /actea arises from the combined rays of 
an infinite number of small stars? * But above all, 


* It is only by reflectors of large apertures, that an innumerable 
quantity are made clearly visible; and there is scarcely any part of 
the hemisphere to which you turn the instrument, but many are 
seen, which are not visible through smaller apertures. Err. 
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bow came it to be asserted, that the sphere of the 
fixed stars is so immense, that the circle of the earth's 
annual orb bears no greater proportion to it than the 
center of any sphere 8 to its whole surface? This 
discovery does so far exceed the comprehension 
of the human mind, that it was not asserted after 
the revival of the Pythagorean scheme, till Dr. 
Bradley, by a course of the most accurate observa- 
tions that ever were made with a telescopic appara- 
tus, reduced the annual parallax of the fixed stars to 
an insensible quantity. b 

If leaving the ancients we return to the moderns, 
we find the time of the invention, and the name of 
the inventor, are still involved in obscurity. By 
some it is ascribed to James Matius, a Dutchman; 


by others to John Leppersheim, of Middleburg: but 


Borellus, in a circumstantial and apparently well- 
authenticated account, attributes the invention to 
Zacharias Jansen, of Middleburg, about the year 
1590. Jansen was a diligent inquirer into nature, 
and being engaged in these pursuits, and trying 
what advantages could be derived from combining 
lenses, fortunately discovered the telescope. 

The wonderful effects of this instrument soon 
reached Galileo, who, setting himself to work, con- 
trived an instrument to effect the same purpose. 
As this subject is so curious and interesting, I think 
you will be pleased with his own account of it, as 
published in a book intitled, Nuncius Siderius, in 
March 1610. “ Near ten. months ago,” says he, 
« it was reported that a certain Dutchman had 
made a perspective, through which many distant 
objects appeared as distinct as if they were near; 
several effects of this wonderful instrument were 
reported, which some believed, and others denied: 
but having had it confirmed to me a few days after 
by a letter from the noble John Badowviere, at Paris, 
I applied myself to consider the rationale thereof, 
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and by what means I might contrive a similar in- 
strument, which I afterwards attained to by the doc- 
trine of refraction; and first I prepared a leaden 
tube, to whose extremity I fitted two spectacle- 
glasses, both of them plane on one side; on the 
other side, one of them was spherically convex, and 
the other concave. I saw objects appear pretty 
large, and pretty near; they appeared three times 
nearer, and nine times larger in surface than to the 
naked eye: and soon after I made another, which 
represented objeets above sixty times larger; and at 
last, having spared no labour or expense, I made an 
instrument so excellent as to shew things almost a 
thousand times larger, and above thirty times nearer 
than to the naked eye. 

If the true inventor is he who makes discovery 
by reasoning à priori, and descending from estab- 
lished principles to their consequences, Galileo 
may. be considered as the real inventor of the teles- 
cope; but the use he made of it does him more 
honour than the invention: the instrument was at 
first, in Holland, a mere article of curiosity, not an 
instrument of science; himself being amply rewarded 
by prevailing over the difficulty of the subject, and 
with new discoyeries which enlarged the territories 
of reason, 
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By a telescope is usually signified an instrument 
that renders the view of distant objects more perfect; 
or, in more general terms, which represents distant 
objects under a larger angle than that under which 
they appear to the naked eye.* | 


* When constructed entirely by glasses, it is called a refractor; 
when by metallic speculums, a reflector, Ep1r, 
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When the distance of the object is very con- 
siderable, the effects may all be referred to the same 
distance, and a telescope may be said to enlarge an 
object just as many times as the angle under which 
it represents it is greater than that under which it 
appears to the naked eye. Thus the moon ap- 
pears to the naked eye under an angle of about half 
a degree; consequently, a telescope magnifies 100 
times, if it represents the moon under an angle of 
50 degrees; if it magnified 200 times, it would ex- 
hibit the moon under an angle of 100 degrees; 
and the moon would appear to occupy more than 
half the visible heavens, of which the whole extent 
is only 180 degrees. | 

It is a common expression, that telescopes bring 
objects nearer; but this expression is equivocal, ad- 
mitting of two different significations. The one is, 
that looking through a telescope, we estimate an 
object to be as much nearer to us as it is magnified 
by the telescope. But I have already shewn you, 
that we can form no certain estimate of the distance 
of an object but by the judgment, and that our 
judgment deceives us when the objects are beyond 
a certain distance; and in the present instance, 
losing all those subjects of comparison on which it 
is founded, will deceive us more. The other mean- 
ing applied to the expression is, that the telescope 
represents the objects as large as they would appear 
if we were so much nearer to them; this latter 
meaning is more conformable to the truth than the 
preceding, for you must know, that the nearer we 
approach to an object the larger is the visual angle. 
When you look, howeyer, at a well known object, 
as a man, at a great distance, and he is scen under 
a larger angle, we are led to think him so much 
nearer, because then he would really appear under a 
greater angle; but with respect to objects less known, 
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as the sun and moon, there can be no estimation of 
distance. 

One principal end of telescopes is to enlarge or 
multiply the angle under which objects appear to 
the naked eye, and they are estimated according to 
this effect, and are said to magnify five, ten, or any 
other number of times, according to the nature and 
construction of the telescope. | 

This diagram, plate 6, fig. 13*, represents the 
glasses of a small Galilean telescope; the convex lens, 
PP, towards the object, the concave glass, QQ, is ap- 
plied to the eye; on this account the one nearest to 
the eye is called the eye-glass, that towards the object 
is called the object-glass. These glasscs are situ- 
ated upon the same axis AB, which passes through 
the center of the glasses, and to which they are per- 
pendicular. The focal distance, or focus of the 
convex glass, should be longer than that of the 
concave, and the lenses should be so disposed, that 
if AF be the focal distance of the convex lens 
PAP, the focal point of the concave glass should 
fall upon the same point F. Thus the interval, AB, 
between the two glasses, is the difference between 
their foci, AF being the focal distance of the ob- 


Ject-glass, and BF that of the eye-glass. When 


the glasses are so placed, a common eye will see 
distant objects distinctly, and will magnify in the 
same proportion that the line, AF, exceeds the 
line BF. Thus, supposing the ſocus of the object- 
glass to be six inches, and of the cye-glass to be one 
inch, the interval between them will be five inches; 
the length of the telescope and the objects will 
be enlarged six times, that is, it will appear under 
an angle six times greater than what they do to the 
naked eye. 

After having explained to you the manner in 
which the glasses are to be disposed, in order to 
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produce the desired effect, it remains for me to 
shew you why they represent the objects distinctly, 
and why they are magnified as many times as the 
line, AF, exceeds that of BF. With respect to the 
first, I must remind you of what has been before 
observed, that we see objects best when the rays that 
proceed from them fall upon the eye and are nearly 
parallel to each other. 

This observation being attended to, you must 
now consider another diagram, plate 6, fig. 14. Let 
V be a point in the object towards which the teles- 
cope is directed, and as it is supposed to be very 
distant, the rays proceeding therefrom may be con- 
sidered as parallel to each other; those therefore 
that fall upon the object-glass, QAQ, will be 
united at its focus F, and being convergent there, 
will not be adapted to produce distinct vision for a 
common eye. Now 1t being the property of a con- 
cave glass to render rays: more diverging, or. to di- 
minish their convergence, it will refract the rays 


AR, QR, so as to render them parallel to each 


other; so that instead of uniting at F, they will 
proceed in the direction RS, RS, parallel to the 
axis ARF, and thus the telescope will be fitted for 
distinct vision. 

I have now to explain the principal effect of teles- 
copes, that is, their magnifying power; a subject 
which J hope to render so clear, that no doubts shall 
remain on your mind, 

1. Let Ee, plate 7, fig. 3, be the object placed 
on the axis of the telescope, which passes through 
the center of the two lenses. Ee is to be consi- 
dered as at an infinite distance. 

2. If the eye placed at A look at this object, it 
will see it under the angle EA e, called the visual 
angle. What we have therefore to prove is, that 
in looking through the telescope, it will appear 
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under an angle as much larger than this, as the 
focal distance of the object- glass exceeds that of the 
eye- glass. ä 

3. As the effect of all the glasses consists in re- 
presenting the object in another place, and of a 
certain size, all we have to do is to examine the 
different images,' the last of which forms the object 
immediately viewed by means of the telescope. 

4. Now the object, Ee, being at an infinite dis- 
tance from the convex lens PAP, its image will be 
represented behind the glass at Ff, and AF will be 
the focal distance of this glass; the size of this 
image, Ff, is determined by a straight line from the 
extremity, e, of the object through A, the center of 
the lens; consequently this image is inverted, and as 
much smaller than the object, as the distance, AF, 
is smaller than the distance AE. 

5. Now this image, Ff, is to be considered as 
the object with respect to the eye- glass, QB, 
since the rays that fall upon this glass are those 
which would form the image Ff, but that they 
are intercepted in their passage by the concave 
glass QBQ; so that though the image is only 
imaginary, the effect is the same as if it were real. 

6. The image Ff, which we may now consider 
as an object, being at the focal distance of the lens 
AB a, will be- transported to an infinite distance 
by the refraction of the glass. This new image is 
marked in the figure by G g, of which the distance, 
AG, should be considered as infinite; and the rays 
being a second time refracted by the glass QB Q, 
will continue the same direction as if they came 
from the image Gg. 

7. This second image G g, being the object that 
is seen by him who looks through the telescope, we 
must consider its size. Now as it arises from the 
first image Ff, and from the refraction of the glass 
AB, draw according to the general rule from B, 
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the middle of the concave glass, a line passing 


through f, the extremity of the first image, and it 


will mark at g, the extremity of the second image. 

8. Now as the spectator applies his eye at B, and 
as the rays that fall upon his eye are received as if 
they come from the image G g, it will appear under 
the angle, GBg, evidently — than the angle 
EA e, under which the object, E e, appears. 

9. To compare these angles, I must inform you, 
that the angle, EA e, is equal to the angle FAf, 
and the angle, G Bg, is equal to the angle, F Bf, 
J have now therefore only to prove, that the angle, 
FBf, exceeds the angle FAf, as much as the line, 
AF, exceeds the line Bf. 

10. To prove this, we must have recourse to 
certain propositions deduced from geometry, con- 
cerning the nature of sectors. You probably re- 
member, that a sector is an arc of a circle in- 
cluded between two radii; thus CMN, plate 7, 
Fg. 4, is a sector of a circle; CM,” CN, the two 
radi; MN, the arc or portion of the circumference. 
There are therefore three things to be considered 
in a sector: 1. The radius of the circle, as CM, 


CN. 2. The quantity of the arc MN. 3. The 


angle M CN. 

11. Let us now consider the two sectors MCN, 
and mon, plate 7, fig. 4, of which the radii, CM 
and c m, are respectively equal. Geometry proves, 
that in this case the angles, C and c, are in the same 
ratio as the arcs MN and mn; or in other words, 


that the angle, C, is so many times larger than the 


angle c, as the arc, MN, is larger than the arc m n; 
or, in more general terms, when the radii are equal, 
the angles are proportional to their respective arcs. 
12. In the two sectors, MCN and men, plate 7, 
fig. 5, the angles are equal, but the radu are un- 
equal. The elements of geometry prove, in this 
case, that the arc, MN, is so many times greater than 
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the arc mn, as the radius CM is greater than cm; 
or that the arcs are proportional to the respective 
radii when the .angles are equal. The reason is 
evident, for each arc contains the same number of 
degrees; but the degrees of a large circle are as 
much larger than those of a small one, as the longer 
radius exceeds the smaller one. | 

13. In the two sectors, MCN and men, plate 6, 
fig. 6, the arcs are equal, but the radii are unequal, 
Here the angle C, which answers to the longest 
radius, is the smallest, and that in the same ratio as 
the radii; or the angle, c, is so many times larger 
than the angle C, as the radius, CM, 1s larger than 
the radius, em; or, in more general terms, the 
angles are reciprocally proportional to the radii when 
the arcs are equal. 

14. The last article comes more immediately to 
our purpose, with the addition of this observation, 
that when the angles are very small, as is the case in 
small Galilean telescopes, the arcs MN and mn do 
not differ sensibly from their cords, or the straight 
lines MN and mn. 

15. We may now return to the former diagram, 
fig. 3. The triangles FAt, FBf, may be considered 
as sectors, and the arc, Ff, as common to both; con- 
sequently the angle F Bf exceeds the angle FAf, as 
much as the distance AF exceeds that of BF; or 
the object Ee will appear in the telescope under an 
angle as much larger than that under which it ap- 
pears to the naked eye, as the focal distance of the 
object-glass excceds that of the eye-glass, which was 
what I had to prove to you. 

You will easily comprehend from what has been 
said, that very great advantages are not to be ex- 
pected from a telescope constructed on this plan; 
for, in order to obtain any considerable magnifying 
power, it must be made very long, a circumstance 
that renders it inconvenient in use. Besides this, 
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there are other disadvantages, among which the 
smallness of the apparent field is the principal. 

This naturally leads me to consider the nature of 
the apparent field, which is an article of great im- 
portance in all telescopes. When you direct a 
telescope towards the heavens, or any other distant 
object, the space discovered appears of a circular 
form, and no objects are seen but what are contained 
within this circle; so that if you are desirous of 
viewing other objects, you must change the position 
of the telescope; this circular space is called the 
apparent field, or simply the field of view. Hence 
you vill readily conceive, that it must be a great 
advantage to have a telescope with a large field, and 
that a small field must be considered as a defect. 

As a large field is a great perfection in a telescope, 
it is often necessary to measure the field: this is 
generally attained by measuring the number of de- 
grees contained in the space taken in by the teles- 
cope, when directed to the heavens, or to some very 
distant object. Thus as the apparent diameter of 


the full moon is about half a degree, if a telescope 


only takes in the moon, we say its field is half a 
degree; but if you only see one-half of the moon, 
the field would only be a quarter of a degree. 

But in order to judge rightly of the field of a 
telescope, you must take in the magmfying power; 
for it is a general principle, that the more a teles- 
cope magnifies, the smaller is the field: nature here 
prescribes the boundaries. Let PAP, plate 7, fig. 3, 
be the object-glass, QBQ the eye-glass of a teles- 
cope, EF the axis thereof, Ee an object at a great 
distance seen under the angle EAe, which repre- 
sents half the diameter of the apparent field; which 
extends as much on one side the axis as on the other. 
The point, E, is the center of the field; the ray EA 
is not refracted as it passes through the middle of the 
glasses, perpendicular to their axis: in order, there- 
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fore, that this ray should enter the eye, the eye must 
be placed somewhere on the axis BF, behind the 
eye-glass, and so that the pupil may be on the line 
BF; this is a general rule with respect to all teles- 
copes. Let us now consider the visible extremity, e, 
of the object; and of this it is plain that the extre- 
mity, e, of the object cannot be seen, unless the ray 
e A, proceeding therefrom enters the eye. 
Let us then consider the direction of the ray eA; 
now, according to the laws of refraction, this ray is 
not refracted, because it passes through the middle 
of the object-glass A. This ray will therefore con- 
tinue in the same direction to unite with other rays 
proceeding from the same point e, to form at f an 
image of the object represented by f F, the point f 
being the image of the point e of the object e E: 
bat this ray meeting at m the concave glass, and not 
falling on the middle thereof, will be retracted; and 
instead of proceeding to f, will proceed in the direc- 
tion mn, more diverging from the axis BF. You 
remember that the object-glass forms an inverted 
image of the object at Ff, and that Ff becomes the 
object with respect to the eye-glass, by which it is 
transported to Gg. The distance, BG, is as great 
as that of the object, because Ff is in the focus of 
the eye-glass. 

With respect to the size of the images, the first, 
Ff, is determined by the straight line, e Af, drawn 
from e through the middle of the glass, PAP; and 
that of the other, Gg, by a straight line f Bg, drawn 
from f through B the middle of the eye-glass. The 
ray, Am, directed towards the point f, 1s refracted 
and proceeds towards mn, and this line continues 
backwards, passes by g, for the ray, mn, produces 
the same effect upon the eye as if it proceeded really 
from g. Now, as mu diverges from BF, where the 
pupil of the eye is placed, it cannot enter the eye, if 
it diverges further than the limits of the pupil of the 
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eye; so that in this species of telescope the field 
depends on the size of the pupil of the eye, and the 
larger this is the larger is the field; so that if the 

distance, Bm, does not exceed the diameter of the 
pupil of the eye, in order that this field may not be 
diminished, the eye should always be placed as near 
as possible to the cye-glass. 

To determine then the size of the ſield in these 
telescopes, you have only to take the interval Bm 
equal to the semidiameter of the pupil, and then 
draw a line, mAe, from m and the middle of the 
object- glass, and this line will mark upon the object 
that extremity, e, which will be visible by the teles- 
cope, and the angle eAE will give the semidiameter 
of the field. From this it is very evident, that if the 
distance between the two glasses exceeds a few 
inches, the angle BAm will become very small, be- 
cause the distance Bm is only about the -»th of an 
inch. Now, in order to magnify much with these 
telescopes, the distance between the glasses must be 
considerably increased, in which case the field would 
be infinitely small; so that the extent of these teles- 
copes is limitted by the nature of their construction, 
and the optician, in order to produce great effects 


conveniently, is obliged to have recourse to other 
kinds. 


A SUMMARY VIEW OP THE PROPERTIES OF THE 
GALILEAN TELESCOPE, 


1. The focal distance of the object-glass must be 
greater than that of the eye-glass, or it will not 
magnify an object. 

2. The magnifying power is equal to the quotient 
arising by dividing the focal distance of the object- 
glass by that of the concave eye-glass, 


3. The rays procecding from the eye- glass to the 


eye are nearly parallel; if this does not suit the eye, 


\ 
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the tube containing the eye-glass must be put in or 
drawn out a little, till the object appears distinct. 

4. The visible area of the object is greater, the 
nearer the eye is to the glass, and depends on the 
diameter of the eye's pupil and of the object-glass; 
the field of view is therefore very small. 

5. If this telescope be long, the visible area is so 
small as to render it useless; this arises from the 
smallness of the object-glass; but if this be broader, 

the object will be coloured and confused.“ 


OF THE ASTRONOMICAL TELESCOPE, 


The next kind, which is denominated the astrono- 
mical telescope, consists also only of two lenses, and 
both of them are convex. Let PAP, plate 6, fig.15, 
represent the object-glass which is convex, and 
whose focus is at F; Q, a smaller and more convex 
lens for the eye- glass, which is to be fixed upon the 
same axis EAF BO, so that its focus may coincide 
with the point F; holding the eye at O, so that the 
distance, BO, be nearly equal to the focal distance 
of the eye-glass. With a telescope constructed in 
this manner, objects will be seen distinctly, and 
magnified in the same proportion as the focus of the 
object-glass exceeds that of the eye- glass; but it 
represents all objects inverted, which does not lessen 
its value for astronomical purposes, but renders it 
inconvenient and improper for viewing terrestrial 
objects. | 

I have to explain to you, Ist. How this arrange- 
ment of glasses shews distant objects distinctly. 
2d. Why it magnifies in the same proportion as the 


* The common opera glass, and pocket achromatic perspective 
are a sort of Galilean telescopes; a six- inch one of the latter kind, 
with a change of four eye-glasses, in a brass mounting with a 
stand, &c. with the largest power applied, will $hew satel- 
lites of Jupiter, &. Ebir. | 5 
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focus of the object-glass exceeds that of the eye-glass, 
and exXhibits the objects in an inverted position. 

And, 3d. Why the eye is not to be placed close to 
the eye-glass, as in the former vonstruction. 

1. The first article is proved in a similar manner 
to the same article in the preceding construction; 
the rays, e P, eP, which are parallel to each other, 
before they fall upon the object-glass, are thereby 
refracted and unite at its focus; in order therefore 
for distinct vision, the eye-glass must re-establish 
the parallelism of the rays, which is effected by 
placing the eye-glass so that its focus may be at F, 
and consequently the rays will proceed from it as 
parallel to each other, and fall upon the eye in that 
tlirection. 6 oF 4 | 

2. For the explanation of the second article, let 
us consider the object e F, plate 6, fig. 16, supposed 
to be placed at an infinite distance. The image of 
this object formed by the object-glass, at its focus, 
will be Ff; this image will be inverted, and become 
an object tor the eye-glass, and being situated at its 
focus, the image will be at an infinite distance, 
suppose at Gg, AG being considered an infinite 
distance as well as AE. Now, to determine the 
sige of this image, draw a straight line, Bfg, through 
B the middle of the lens, and the cxtremity, f, of 
the image. The second image is the immediate 
object of vision, and being at an infinzte distance, 
will be seen under the angle GBg; but the object 
itself is seen under the angle, EAe. I scarcely need 
observe to you, that it is indifferent where the points 
A and B are taken, as the distance is considered as 
infinite. The triangles FAf, F Bf, may, as in the 
preceding construction, be considered as sectors of 2 
"circle, the line, Ff, being an are eommon to both, 
[for the. angles are so small that the chord may be 
taken for the are; AF and BF are the respective 
radii, and the arcs are equal; and of course, as 1 
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have proved before, the angles FAf, or EAe, and 
FBf, or GBg, are in the same ratio as the radii BF 
and AF. Therefore the angle GBg, under which 
the object is seen by the telescope, is so much larger 
than the angle EAe, under which the object is seen 
by the naked eye, as AF is larger than BF. 

3. With respect to the place of the eye, the pro- 
per situation thereof is determined by the field; for 
if you remove it either way from the focus of the 
eye-glass, the field is diminished. It is a great ad- 
vantage in telescopes of this construction, that by 
removing the eye from the eye- glass, the field may 
be to a certain degree inereased; and it is owing to 
this that the magnifying power of these may be 80 


much increased, which will be evident by the fol- 


lowing considerations: 


1. Let Ee, plate 6, fg. 16, be the object at an 


infinite distance, e, the extremity visible by the te- 
lescope, whose glasses PAP, QBQ, are situated on 
the axis, EABO; we have now to consider the di- 
rection of the ray e,; which proceeds from the extre- 


mity of the object through the middle of the object - 


glass; for the other rays proceeding from the same 
point e, only contribute to strengthen the effect 
produced by this ray. E 

2. The ray, e A, passing through the middle of the 
glass, PP, is not bent, but passing on in the direction 
Af M, passes by the extremity, f of the image, and 
falls upon. the eye-glass at M. Here it is necessary 
to observe, that if the eye-glass is not large enough 
to reach M, this ray would not enter the eye, and 
the point, e, would be invisible, that is, in other 
words, the extremity, e, must be placed near the 
axis, to make the ray, Af M, fall upon the eye-glass. 

3. This ray, AM, will be retracted by the eye- 
glass; the mode of its refraction will be easily inves 
tigated; to this end let us consider the second image 
Gg. . Now, the: line, Bf, prolonged, falls upon g, the 
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extremity of the second image, and the refracted ra 

man the direction NO, which being prolonged falls 
pon g. | 
4. Since then the two lines, ON and Bf meet at 
at an infinite distance, they may be considered ag 

parallel to each other; therefore, to determine the 


position of the refracted ray NO, we have only to 


draw a line parallel to the line Bf. e 

5. From henee it is evident, that the ray, NO, 
must meet with the axis of the telescope as at O; 
and since generally when the magnifying power is 
great, the point, F, is much nearer the glass, QQ, 
than the glass PP, the interval, BM, will be a little 
larger than the image, Ff; and as the line, NO, is 
parallel to f B, the line, BO, will be almost equal to 
BF, the focal distance of the eye-glass. 

6. The eye being placed at O, will receĩve not 
only the rays which come from the middle of the 
object, E, but also those which proceed from the 
extremity e, and consequently those which come 
from all other parts of the object; the rays from BO 
and NO will fall at the same time on the eye, how- 
ever small the pupil may be: the field, therefore, in 
this construction does not depend upon the size of 
the pupil, provided the eye be placed at O, but the 
moment the eye is removed from O, the apparent 
field is diminished. a 

7. If the point, M, was not at the extremity of 
the eye-glass, it would transmit rays that were fur- 
ther removed from the axis, and the field would be 
larger. Therefore, to determine the field of which 
the telescope 1s capable, draw from A, the middle of 
the object-glass, to M, the edge of the eye-glass, the 


line AM; this continued to e, the object will mark 


the visible extremity thereof, consequently the angle 
EAe or BAM gives the semidiameter of the appa- 
rent field, which is - consequently augmented in 


proportion as the eye-glass is larger. In the firs 


1 
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kind, the field depended on the aperture of the pupil 
of the eye, in this, it depends on the aperture of the 
eye-glass. 

By the object-glass, the object is carried from Ee 
to Ff; by the eye-glass, it is as it were removed from 
Ff to Gg; the image Gg, from being at such a 


distance, is seen distinctly. This image is seen by 


the eye at O under the angle G O g or B ON, while 
the object is seen by the naked eye under the angle 
EAe; the telescope, therefore, magnifies in the same 
proportion as the angle, BON, is greater than the 
angle EAE. Now, as NO is parallel to Bf, the 
angle BON is equal to the angle F Bf, and the an- 
gle EAe is equal to FAf; therefore the magnifying 
power may be determined by the proportion between 
the angles FBf and FAf. Now, PBf is as much 
larger than FAf, as the line AP is larger than the 
line Bf, .or as much as the focus of the object-glass 
exceeds that of the eye-glass. 


SUMMARY OF THE PROPERTIES OP THE ASTRO- 
NOMICAL TELESCOPE. 


1. The magnifying power is in the proportion of 
the focal distance of the object to the eye-glass. 

2. The rays emerging from the eye-glass to the 
eye should be parallel for a good eye; if this does 
not suit another eye, then the tube must be pushed 
in or pulled out till the object appears distinct. 

3. The apparent magnitude of an object is the 
same, wherever the eye be placed, but the visible 
area is the greatest when the eye is nearly at the 
focal distance of the eye-glass. 

4. The object is yy inverted. 

5. The visual angle depends on the breadth of the 
eye-glass; for it is equal to the angle which the eye- 


glass subtends to the object-glass from Ee, fg. 10, 


— 


$02 PROPERTIES OF THE 


There are two other circumstances relative to the 
perfection of telesc which we have now to con- 
sider; viz. the brightness or quantity of light, and 
the distinctness with which objects are seen. 

With respect to brightness, the telescope may be 
considered as perfect when it represents them as 
bright as they are seen by the naked eye, which is 
the case when the aperture of the pupil is filled by 
the rays which come from each part of the object 
after being transmitted through the telescope; so 
long as a telescope furnisbhes a sufficient quantity of 
rays to fill the aperture of the pupil, no greater 
brightness can be desired, for a greater quantity 
would be useless. But as the size of the pupil va- 
ries, it has been usual in considering this subject, to 
consider it of about one-tenth of an inch diameter: 
when you consider that the light of the sun is reck- 
pned to exceed that of the moon 300,000 times, you 
will easily perccive that a small diminution of light 
is not of any great consequence. Let us, however, 
examine the rays transmitted by the telescope, and 
compare them with the assigned diameter of the 
pupil; this will be clearer by attending only to one 
point of the object, that, for instance, which coin- 
cides with the axis of the telescope. 

1. The object being at an infinite distance, the 


rays which fall upon the surface of the object may 


be considered as parallel to each other; therefore all 
the rays which come from the center of the object 
will be contained between the lines e P, e P; parallel 
to the axis BA, plate 6, fig. 15. All these rays 
taken together are named the pencil of rays, which 
fall upon the object- glass; and the thickness of this 


pencil is equal to the aperture of the object-glass, 


whose diameter is PAP. | 
2. This cylindrical pencil of rays is changed into 


a conical one, PFP, by the object-glass; after 


the eye-glass, again become parallel to each other, 


to nn as AF to BF, on which the magnifying 
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having erossed at the focus F, the rays proceed and 
form another cone, the apex of which is at the 
ſocus, and the base is the eye-glass. Now it is 
evident, that the base of the cone, mm, is as much 
smaller than the pencil PP, as the distance, F B, is 
shorter than the distance AF. 
3. Now the rays FM, F M, after passing tbrougb 


and form the pencil no, no, which enter the eye, 
aud paint thercon the image of that point from 
which they originally proceeded. 

4. Every thing turns now upon the sixe of the 
pencil of rays, no, no, which enters the eye; if the 
diameter thereof is equal or greater than the aperture 
of the pupil, it will be filled, and the abjeed will be 
scen with all possible brightness. 

5. But if the size of this pencil should be much 
smaller than that of the pupil, it is clear that the 
representation would be obscure, which is a great 
defect in any telescope; to prevent which, the last 
pencil of rays should be rather more than zt of an 
inch in diameter, though it would be better if it was 
nearly th of an inch. 

6. Now it is evident, that the size of the Jast 
pencil of rays depends on the size of the first by 
which it is formed, which is easily determined; for 
we have only to see how much smaller nn is than 8 
PP, the aperture of the object-glass. Now, PP is 


power depends; thereiore the magnifying power 
shews how much larger the pencil EP, E P, is chan 
the peneil no, no. 

7. from hence it is evident, that the aperture of 
the object-glass should be increased in proportion as 
the magnifying power is augmented; consequently, 
if this proportional diameter cannot be given to the 
object-glass, the telescope will be defective, | 
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Opticians have established, as a general rule, that 
the aperture of a lens should always be smaller than 
half its focal distance. 

Distinctness of expression is confessedly the most 
Important article in the nature of telescopes; and to 
attain it, has exercised the genius, and called forth 
the abilities of a Newton, Dollond Euler, D. Alem- 
Bert, &c. ' Fe | 

You may remember that I assumed as a principle, 
that a convex lens united in one point the image of 
all the rays proceeding from any given point of an 
object. If this were rigorously true, the images 
formed by lenses would be as well terminated, and 
as perfectly defined, as the object itself. 

ut this principle is only true to a certain degree, 
and with respect to those rays that are near the cen- 
ter of the lens; for the rays which pass through the 
glass at a distance from this center are not collected 
in the same point with those which pass through the 
middle, and from this double image great indistinct- 
ness arises. | 1 

To render this more clear, we must again have 
reference to a diagram. Let PP, plate 7, fig. 7, be 
a convex glass; Ee, an object situated on the axis 
thereof; E, the point coinciding with the axis, and 
sending out rays EM, EN, EA, EM, EN, on 
the surface of the glass. We have to consider how 
the direction of these rays is changed by the lens. 

1. The ray, EA, passing through the middle of 
the glass, is not refracted, but proceeds in the same 
rectilinear direction AB F. 

2. The rays, EM, EM, which are very near to 
E A, are only refracted in a small degree, but so as 
to unite somewhere, as at F, which point of union 
we have considered as the focus of the lens. 

3. The rays, EN, EN, which are further from 
the axis, or nearer the edge of the glass, are refracted 
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somewhat differently, so as to meet at G, nearer 
the lens than the point F, forming a separate image 
Gg. 1 ; 

4. This cireumstance, concerning the rays which 
fall upon the lens at a distance from the center, and 
there forming another image of the same point, se- 
parate from that which is formed by the rays that 


pass nearer the center of the lens, though I have 
not noticed it to you before, merits considerable. 


attention, 


5. From hence you will perceive, that the first 


image, Ff, is formed only by the union of those rays 
which are very near the middle of the glass, and that 
a succession of images is formed by the rays that are 
more and more removed from the axis, till at last 
you come to those which fall near the edge of the 
lens, which form the image G g. 

6. An indefinite number of images are therefore 
formed between Ff and Gg, by the rays that fall 
upon the surface of the lens between the axis and 
the edge thereof. 

7. This succession of images is termed the aber- 
ration arising from the sphericity of the glass, or the 
diffusion of the image; and it must be evident to 
you, that when these rays enter the eye, the vision 
obtained thereby of the original point must be con- 


fused and indistinct; but it the space, FG, could be 


reduced to the point F, there would be no confusion 
or want of distinctness. | 


8. This diffusion or dispersion of the rays is 


greater in proportion as the arcs, PAB, PBP, are 
larger segments of their respective circles; and you 
will perceive from thence, that very thick and con- 
vex lenses are to be rejected; thus, in this figure, 
where the arcs, PAP and PBP, are the fourth part 
of the whole circumference, the confusion would be 
insupportable, . 
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9. Some authors who have written upon this sub- 
jeet observe, that the arc forming the lens should not 
contain more than twenty degrees of its respeetive 
circumference. | 

10. But if the lens be designed for the object- 
glass of a telesco — 2 it must be formed of an arc 
containing fewer degrees; for though the dispersion 
of the rays may be insensible in itself, the magnify- 
ing power multiplies it as often as the object itself: 
hence, the greater the magnifying power, the smaller 
the number of degrees that should be embraced 'by 
the object-glass. 

When the dispersion of the rays is very great, it 
may be lessened by covering the edge of the lens 
with an opake ring, leaving only a small aperture 
round the center of the lens; by this means dis- 
tinctness is restored, but brightness is diminished, 
and as much is lost on one hand as is gained on the 
other; the more so as every increase in magnifying 
power requires a proportional increase of aperture. 
Opticians have therefore, with much pains and assi- 
duity, endeavoured to discover some means of cor- 
recting this dispersion, without damen the er. 
ture of the object-glass. 

The focus of the rays which pass through the 
middle of a convex lens, is, as you have seen, fur- 
ther from the lens than the focus of the rays which 
pass near the edge of the glass. Now, it has been 
observed by opticians, that a concave lens produces 
a contrary effect; they have, consequently, investi- 
gated this subject, in order to see whether they 
could not combine a concave with a convex lens, 
80 as to correct or destroy this aberration, while the 
compound lens produced the ordinary effect of a 
simple object-glass. We have already shewn you, 
that concave lenses are considered according to their 
foci, as well as convex lenses, but with this diffe- 
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rence, that the focus of a concave lens is virtual or 
imaginary, and falls before the lens, while that of 
the convex is real, and falls behind the lens. These 
circumstances being considered, way ren 
in the 1 manner: | 

1. If you place a concave lens behind a ; adult 
one of the same focal distance, the rays that would 
have been united in its focus are so refracted as to 
be rendered parallel to each other, as thby were 
before they entered the glass. 

2. In- this case the concave lens destroys the effect 
of the convex, and the rays go on in their r 
9 natural order. 

If the focal distance of the concave lens 4s 
— — than that of the convex, the effect would be 
greater, and the rays rendered diverging. Thus 
the incident parallel rays, LM, LA, LM, plate7, 


fg. 8, passing through the glasses, PP, G, will 


go on diverging in the - direction NO, BF, NO. 
These two glasses therefore, when combined, pro- 
duce the same effect as a single eoncave, that would 
ive to parallel rays the same degree of divergence. 
wo glasses combined together, of which the con- 
eave has a smaller focal distance than the convex, 
are equivalent to a single concave glass. 

4. But if the concave lens QQ, plate 7, fig. g, 
has a longer focal distance than the. convex lens 
PP, it will not even render the rays parallel that the 
convex lens would unite at its focus F; but it wi 
however, so far lessen their convergence, that ins 


of meeting at F, they will unite at 2 yu fur- 
ther from the less. | 


5. The combined lenses in this instance 1 
the same effect as a single convex lens, whose focus 


would be at O. It is evident then, that it is possi- 


ble to vary infinitely the combination of do lenses, 
the one convex and the other n 80 that the 


— 


508 PROPERTIES OF TRE 


combined lenses may be equivalent to any given 
sonvex lens. | 


6. Such a combined Jens may be applied to a 


telescope instead of a single lens, and the effect with 
respect to magnif ng power will be still the same; 
but the degree of diffusion or dispersion in the rays 
will be very different; it may be greater or much 


less than in a single lens: in the last case the double 


object glass will be far preferable to a single one. 

7. But what is still more advantageous, it is pos- 
sible so to arrange them, that this dispersion may 
be destroyed. Calculation discovers these combina- 
tions, but the hand of the artist is not perfectly equal 
to the execution. | 

The combination of two lenses in the manner that 
I have here described, forms what is called a com- 
pound object-glass; the end to be attained is, that 
the rays which pass through the lens, as well those 
at the edge as those at the center, may be united in 
a single point, and form only one image, without 
such a dispersion of the rays as takes place in a 
single object-glass. 

Many are the advantages that would be derived 
from such a combination; the object would ap- 
pear more distinct and better terminated, because 
the vision would not be confused by that mixed 
succession of images produced by a single object- 
glass. This dispersion of the rays is one of the 
principal reasons which forces us to make use of 
very long telescopes, in order thereby to diminish 
the effect of the dispersion; but if this disper- 
sion was entirely destroyed, much smaller ones 
might be used, that should be productive of the 
same effect. x 

It will be necessary to observe to you here, that 
the sides or faces of the lenses may be formed in 
different ways, almost ad infinitum, and yet the foci 
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remain the same; this is effected by forming the 
sides of equal or unequal radii, as will be evident by 
considering an example. Let us suppose that a 
convex lens, whose sides have been formed on a tool 
of twenty-four inches radius, consequently each face 
is the segment of a circle of twenty-four inches 
radius; it will be equally convex on both sides, and 
be of twenty-four inches focus, as commonly esti- 
mated; but as the focus depends on the refraction, it 
varies according to the density of the glass; gene- 
rally the focal point is nearer the lens than the radii 
of the face, sometimes a tenth or twelfth part, so that 
the lens that we have supposed to be ground on a. 
tool of twenty-four inches radius will have its focus 
at twenty-two inches. 

By making the surfaces unequal, an infinite va- 
riety of lenses may be formed, that shall all have 
the same focus; ex. gr. if one face be taken of a 
smaller radius than twenty-four inches, the other 
must be taken of a longer, the one thus compen- 


F 


sating for the other. The following table exhibits 


a view of some of the varieties with which the two 
faces of a lens may be worked, and yet produce the 
same effect. | 


Radius of 2d face. 


Glasses. Radius of Ist face. 

1 24 24 

2 21 hg , 
"i= 20 30 

4 i 36 

5 16 48 - 

6 15 60 - 

7 14 84 ; © 324383 {ds 

8 13 156 

9 12 infinite. 


In the last or ninth form the radius is only twelve, 
the half of twenty-four inches; but the other face, 
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the segment of a circle, whose radius is infinite, and 
therefore may be considered as a straight line; and 
therefore this lens would be a plano-convex. 

If you are desirous that one of the faces be 
formed of a smaller radius than twelve inches, the 
other face must be concave, and the glass will be 
convexo-concave, or what is termed a meniscus. 


The following table is a specimen of figures for this 
orm: | 


' Meniscus. Radius of ist face. Radius of concave. 

10 11 | 132 
11 10 60 

3 {LO 9 36 
13 | & 24 
14 San 12 
15 4 6 
16 3 4 


You have here then sixteen different kinds of 
lenses, whose foci will all be at the same distance 
or point. If the focus only were considered, it 
would be indifferent which of these were employed; 
yet it is not so with respect to the dispersion of the 
rays, for in this respect they differ considerably; it 
is much more in some than in others. Amongst 
these, that of the seventh kind is one of those where 
the dispersion is least, being nearly one half less than 
it would be if the lens were equally convex on both 
sides; and it is therefore an advantageous figure for 
a single object-glass. _ 

From what has been said, you perceive, that in 
order to correct the abcrration that .arises from the 
sphericity, it is necessary to resolve a problem which 
will discover what are the. proper radii for the two 
surfaces of a lens, so that the dispersion of the rays 
may be annihilated; the solution requires a consi- 


derable knowledge of the more profound parts of 
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geometry, and therefore does not come within the 
compass of these Lectures; enough, however, has 
I hope been said to render the subject clear to you, 
and to point out the necessity and nature of these in- 
vestigations. 1 Ry 
There is still another aberration to be corrected; 
another cause of dispersion in the rays to be counter- 
acted or destroyed; this seems more important and 
more difficult to be cured, as it does not depend on 
the glass, but on the nature and properties of the 
rays of light. You no doubt remember what I have 
already told you respecting the variety in the rays, 
according to the difterent colours they occasioned, 
that is, that they were of different degrees of refran- 
ibility; thus, that the red-making rays were the 
east refracted, and the violet-making rays the most 
refracted, all the other rays falling within these two 
extremes. 
Thus when a beam of light falls obliquely upon 
a piece of glass AB CD, plate 7, fig. 10, instead 
of proceeding in the same direction PQ, it is not 
only refracted but separated into several rays Pv, 
Pt, Ps, Pr, of which the first P, that is the 
least refracted, represents the red- making ray, and 
the last Pr, the violet- making ray. Their diverg- 
ence is indeed much less than that which is repre- 
sented in this diagram, but sufficient to become 
sensible. | 112 
From this difference in the refrangibility of the 
rays, arise various phenomena with respect to diop- 
trie glasses, among which are the following: 
1. Let PP, plate 7, fig. 11, be a convex lens at 
a considerable distance AO, from the object Oo, to 
determine the image formed by the lens, without 
taking into consideration the aberration already 
discussed; or, what comes to the same thing, only 
2 the rays that pass through the middle of 
e lens. | 
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2. Let us suppose that the object, 00 o, be ted, 
and the rays proceeding therefrom will be all red- 
making rays, and will form somewhere a red image, 
Rr, of the object, and R will be the focus of the 
red-making rays, or those which have the least re- 
fraction. 

3. But if the object, Oo, be violet, the rays 
will be more refracted, and the image, V v, will be 
nearer the lens, and the ere V, will be the focus 
of these rays. 

4. If the object be of any of the intermediate 
colours between these two, the image will fall be- 
tween R and V. 

5. But if the object is not of an homogeneous 
colour, or is white, as is the case in most bodies, 
the different kinds of rays are separated by refrac- 
tion, and each kind forms an image apart; that 
formed by the red-making rays will be found at 
Rr, and that by the violet at V v, and the space, 
R V, will be filled by images of the intermediate 
colours. 

0. The glass, PP, will represent an indefinite 
number of images of each object, O o, formed in the 
space VR, and situated in the order of the prismatic 
colours. 

7. Each of these images will be distinct in itself, 
but taken together productive of a very sensible 
confusion. 

8. Here then is another species of dispersion to- 
tally independent of that which we have already 
treated of, and tinging each 1 . with a PER 
colour. 

9. This dispersion depends considerably on the 
focal distance of the lens, being about zvth part; 
when the focal distance is twenty-eight feet, the 
space, VR, is about one foot. If the lens was of 
fifty-six ſeet focus, VR would be about two feet. 
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] have now explained to you a second source 
or cause of indistinct or imperfect vision ; namely, 
that which arises from the different refrangibility 
of the rays: which requires a different mode of 
correction from the former error, which I shall 
treat of when we come to speak of achromatic te- 
lescopes; and only shew here, how the error may 
be in a degree corrected by the disposition of the 
eye-glasses. | | 

1. It is certain, that the object-glass forms an 
infinity of images of each object, successively ranged 
in the space of diffusion, each of which is tinged 
with its proper colour. | 

2. Each of these images becomes an object, with 
respect to the eye-glass, with its respective colours; 
and if, instead of one eye-glass, more are used, the 
same thing still takes . . | 

3. Let us therefore, in this diagram, „ig. 11, consider 
the last images that the telescope forms for the eye at 
O, and let Rr be the red image, and V v the violet; 
the other colours falling within this space, accordin 
to their different degrees of refrangibility. The 
lenses are not exhibited in the figure, because we 
are only to consider the manner in which the images 
are seen by the eye, supposing the distance from the 
eye to them to be very great. 

4. All these images, together with the interme- 
diate ones, are situated on the axis, OB V, of the 
telescope, and terminated by a straight line r v, that 
we may call the terminator of all the images. | 

5. According to the representation in the figure, 
the red image, Rr, is seen by the eye at O, under 
the angle ROr, which is larger than the angle 
VOv, under which the violet image, VV, is 
viewed; the violet rays, which. enter the eye, are 
therefore mixed with the red rays which proceed 
from the part, Rr, of the image Rr; and, conse- 
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quently, there is & very great confusion of the 


images. 
6. But the ray, Or, not being mixed with the 
others, the extremity or edge of the image will be 
red; but will soon after be mixed with the other eo- 
lours, forming the iris, which is so common in other 
teles 3 if the largest image was the violet, the 
confusion would be as great as before, with onl 
this difference, that the extreme edge would be 
violet, not red, | 

7. Much of the confusion will depend, there- 
fore, on the position of the terminator rv; and from 
the various situations that may be given to it, this 
confusion will be sometimes greater, and sometimes 

8. Suppose that the images were so arranged, 
that the terminator, vr, passed directly into the eye 
by a single ray rv O; then the extremities of the 
image, and all the points which answer to one 
point in the object, would form only one point in 
the eye, and the point of the object would be repre- 
sented distinctly. | 

9. This advantage is to be obtained when the ter- 
minator, being prolonged, passes directly into the 
eye; and such a position is to be sought for in the 
arrangement of the eye-glasses. 

Before we enter upon achromatic telescopes, I 
shall endeavour to explain the nature of telescopes 
with three eye-glasses, in which the image is seen 
erect. * 


1. Let the four glasses A, B, C, D, plate 8, fig. 7, 


in the tube represent the telescope; the glass, A, 


directed towards the object, is called, as we have 
before said, the object-glass, the three others the 


eye- glasses: the four glasses are convex. 
2. Let us consider the effect produced by each 
eye- glass, the object, o O, being supposed at a con- 
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siderable distance. The rg will form an 
us; the size f 


image of the object at Pp, its 
this image may be found from o, through the 
middle of the glass A. I have not drawn this line, 
in order to avoid confusion from a multiplicity 
thereof. | | or ann 2; 

3. The image, Pp, now becomes an object, 
with respect to the eye-glass B, which is 80 placed, 


that the interval, Bp, is equal to the focus of B; 
by this the second image is transported to Q q, and 


is inverted, as well as the first P p; its size is deter- 
mined by a line drawn from the middle of the glass 
B, through p. | TIE 
4. The interval, AB, between these two lenses, 
is equal to the sum of their foci, forming the astro- 
nomical telescope already explained; the image being 
inverted, and magnified as many times as AP ex- 
ceeds BP; but, instead of the eye-glass, another 
lens, C, is placed behind B; with respect to this 


lens, the image, Q q, becomes the object, which 


being at a considerable distance, the lens, C, forms 
an image thereof at its focus, r. $3 


5. The image, Qq, being inverted, that of Rr 


will be inverted, as to the image, and terminated by 
a right line drawn from q, through the middle of 
the glass C, which will pass by r; consequently, the 
three lenses A, B, C, give the image of the object, 
Oo, at r, and this image is upright 
6. You have now only to place the third lens 80 
that the interval, DR, be equal to the focus. By 
this the image will be again, as it were, transferr 


to an infinite distance S s, of which the size will be 


determined by a straight line drawn through the 

middle of the glass D, and passing by the extremity 

of the imager, and the image, S's, will be seen by 

the eye, instead of the object O 0. 

„ 7. It is easy now to determine how many times 8 

bour-glazced telropaps magnifies hg t: Ff 
KK 2 F 
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this purpose, you have only to consider the lenses 
in pairs, A, B, and C, D; each of these, taken se- 
parately, being an astronomical telescope. The 
Hirst pair of glasses, A and B, magnify the object as 
many times as the focal distance of A exceeds that 
of B, and just so many times the image, Q q, exceeds 
the object Oo. | 

8. Qq being now considered as the object, is 
magnified as many times as the focus of C exceeds 
that of D; these two powers, added together, give 
the total manifying power of the telescope. 

Plate 4, fig. 11, is a perspective view of a model 
designed to illustrate more clearly the nature of a 
four-glass telescope, which shews the objects in their 
true positionss the rays of light are represented by 
silken strings of different colours, so that their pro- 
gress is * 7 ABC the object, DE the ob- 
ject-glass, I K, MN, Q R, the eye-glasses, so placed 
that the foci of DE and IK meet in G. Those of 
IK and MN may meet at L, and those of MN, 
AR, may meet in g. From the progress of the 
rays, you perceive that the image at HT is in- 
verted, that the rays proceed from IK in a parallel 
direction, crossing at L, from whence they go on 
to MN, pass through it, and are thereby converged 
into a focus, and form a second image, fgn, erect, 
which image will be viewed by the eye in the focus 
of the eye-glass Q R. At plate 4, fig. 12, another 
model is represented, formed with glass lenses, to 
iy experimentally, in a darkened room, the places 
of the images. a 


SUMMARY VIEW OF THE PROPERTIES OF THIS 
. FOUR-GLASS TELESCOPE, plate 4, fig. 11. 


The magnifying power is in proportion as the 
focal distance of the object-glass is to the focus of one 
of the three eye-glasses, all being equal. 
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It shews the object erect, but not so bright as in 
the telescope with two lenses; because the other eye- 


glasses reflect a considerable quantity of light which | 


is Iost. 

The visible area depends on the breadth of the 
first eye- glass. | 
The brightness of an object, seen through a given 
telescope, is greater in proportion as the aperture of 
the object-glass is greater. | 

If the aperture and focus of the object-glass re- 
main the same, an object appears brighter or fainter 
according to the greater or less focal distance of the 
eye-glass, that is, according to the magnifying 
power; for the same quantity of light being spread 
over a greater or smaller surface, renders the image 
obscure or brighter, 


ON THE CONSTRUCTION AND MAGNIFYING POWER 


OF TELESCOPES MADE WITH SEVERAL EYE> 
GLASSES. | 


In this diagram, plate 8, fg. 1, A is the first, B the 


second, C the third, D the fourth, E the fifth convex. 
. .eye-glass, and O the object- glass. OA, the axis 


of the telescope, is also the common axis of all the 
lenses; Im w, an oblique pencil passing through 
the object-glass, and falling on the extreme edge 
of the lens which is next the object-glass. O w 1s 
the axis of the pencil, represented by a black line, 
shewn as refracted successively into the lines w v, 


Vt, t8, Sr, ra, cutting the axis of the telescope, 
when they are produced, in the points , d, y, G, a, re- 


spectively. O is the focus of this oblique pencil after 
refraction at the object · glass; e, d, e, b, the suc- 
cessive foci of this NT after refraction at each of 
the eye-glasses. From each of these foci draw 


perpendiculars to the axis of the telescope, and 


these perpendiculars, OX, eg, dh, CZ, by, will be 
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places and magnitudes of successive images either 
real or e real when the image is actually 
formed, so that it would be visible if the rays were 
received upon a white paper; imaginary when the 
rays after refraction proceed as if they came from 
or tended to such an image, although this image is 
not actually formed. When the image is real, the 
rays of each pencil actually come to a focus. When it 
is imaginary, these rays after refraction diverge from 
or converge towards such a focus, but are never ac- 
tually united. 7 | 
— Although each lens has its image either real or 
imaginary, yet there are only two real ones in the 
construction here delineated, the first, e g, inverted, 
the second, by, upright. No W 
When the number of real images is even, the ob- 
ject will be seen upright; when that number is odd, 
the object is inverted. Galileb's telescope, in which 
there is no real image, shews the object upright; 
it cannot, therefore, be applied to instruments in 
which cross wires are necessary, because the wires 
cannot be so placed as to be seen distinctly together 
With the object. N 
All that is essential to the construction of teles- 
copes is, only that the rays of the same pencil, 
which enter parallel, should Iikewise emerge parallel, 
for the object will in that case be seen distinctly; the 
intervals and focal lengths therefore of all the lenses 
except one, may be assumed at pleasure, from whence 
that one must be determined. This assertion of 
most writers on optics is true, if nothing else be at- 
tended to but the course of a ſew rays coming from 
a single point in the axis of the telescope, and it be 
only N that the middle of the object be seen 
distinctly; but the case is very different, if it be re- 
quired that all parts of the object should be seen as 
ar as may be equally distinct, for then the aberration 
of the extreme pencil in passing through the eye- 
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glasses must be taken into consideration; and the 
number, place, and _ lengths of the eye-glasses, 
must be such as may lessen at least, if not remove 
these aberrations. 195 
It may be observed, that generally in any single 
lens, the greater the focal length, and the less the 
aperture, the less will be the aberration of the re- 
fracted rays. That construction is therefore, ceteris 
paribus, the best, in which the eye- glasses have large 
focal distances and small apertures; those — 
that are concerned in forming the last image. As 
to the single lens, by which the last image is 
viewed, it may be allowed to have a short focal 
length, particularly if its aperture may be con- 
tracted; for though this lens magnifies the faults 
already made in the last image by the other glass, it 
does not create new faults. 


Among the various sorts of telescopes made with 


convex lenses, and designed to shew the object up- 
right, those with four or five glasses are preferable 
to those with fewer. The fewer lenses there are in 
the eye-tube, the greater must be the refraction of 
the extreme pencils at each lens, supposing the sum 
of all the refractions, or the whole change in the 
direction of the pencils, to be the same. Now, 
though the number of refractions is increased, yet 
if the quantity of each refraction be-proportionably 
diminished, the sum of all the aberrations in these 
pencils will be greatly lessened; and the loss of light, 
by passing through more glasses, will be very incon- 
siderable. . 
Agreeable to this principle, it is found, that an 
object seen through two double convex lenses, both 
of a size, and put close together, appears distincter 
near the edges of those lenses, than if seen thro 
one lens whose ſocal length is equal to that of t 
other two so combined together: hkewise two equal 
-plano-convex lenses shews an object distinctes at 
their edges when combined with their convex sides 
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touching each other, than contrariwise. Thus then 
the aberrations from the figure of the eye- glasses 
may be lessened, by increasing the number and 
diminishing the quantity of the several refractions. 
The lens E, fg. 1, which intercepts the rays before 
the first image 1s formed, diminishes the magnify- 
ing power, but improves the distinctness of the 
telescope, by lessening the diameter of the apertures 
of the very convex lenses D and C. The extreme 
ncil O W. which diverges from O, being refracted 

y this lens into WV, is made to converge towards 
the axis of the telescope, so that if produced it 
would meet at . By this means the semidiameter 
of the lens, D, is reduced to DV, whereas if the 
first real image had been formed at O x, by the ob- 
ject-glass only, the extreme pencil, Oo, in that 
case continuing to diverge, the semidiameter, DV, 
must have been greater * the image O x, to take 
in the same field. 

The rays belonging to this and every other 
pencil which diverge * e g, the first real image 
must be made to converge again by the two lenses 
D and C, that a second real image may be formed 
upright. Two lenses are employed for this pur- 
pose, because the errors in the second image will 
be lessened by their contrary refractions; supposing 
therefore their convexities equal, and that the rays 
of this pencil, refracted into v t, go parallel or nearly 
so between the lenses D and C, then it is evident, 
that the focal length of D must be equal the dis- 
tance ev (g D), or nearly so; therefore the lenses 
D and C, having a shorter focal length, will by no 
means admit of an aperture, whose semidiameter is 
greater than ox. It may be further observed, that 

this pencil, which at first diverged from the axis of 
the telescope, in the angle wOE and vd D, by the 
interposition of the lens E, this change is made 
at two refractions, at w and v, which must other- 
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presents the glasses of a five-glass telescope. 
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wise have been made by the refraction of the lens 
D only. 

In like manner, the other lens B, which inter- 
cepts the rays just before the second real image is 
formed, diminishes indeed the magnifying power, 
but makes the telescope more distinct. The ex- 
treme pencil we have been considering, after re- 
fraction at t, by the lens C, diverges from the axis 
of the telescope, proceeding as if it came from the 
point y; but being refracted by the lens B, into s r, 
is made to converge, so that if produced it would 
meet the axis of the telescope in 3. This lessens 


the last image, reducing it from c z into by; and as 


it is this image which is viewed by the eye through 
the eye-glass A, the interposition of the lens, B, 
lessens the magnifying power, the eye-glass, A, re- 
maining the same. The extreme pencil, S, thus 
converging upon the eye-glass A, the semidiameter 
of this glass will be reduced to Ar; whereas, had 
the lens been not interposed, the extreme pencil, 
ts c, continuing to diverge from , the semidia- 
meter of this eye- glass must have been 22 than 
the image cz, to take in the whole field. As a 
small aperture of the eye-glass, A, is sufficient to 
take in the whole field when the pencils thus fall 
upon it converging, this lens may be allowed to 
have a shorter focal length, and thus compensate 
for the loss of magnifying power by the interposition 
of the lens B, without increasing the aberration of 
the extreme pencils. | 

You may prove this experimentally by taking out 
the second eye-glass, then drawing out the tube to 
make the telescope distinct again, and. you will find 
the magnifying power increased, the field dimi- 
nished, and perhaps indistinct near the edges. 

It is necessary to- observe, that this diagram re- 
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To render this subject plain and clear, I shall 
recal to your mind a few of those principles which 
we have already explained. Thus you know that a 

ray of light, refracted by passing through mediums 

different densities, is at the same time propor- 

tionally divided or spread into a number of parts, 
called homogeneal rays, each being the exciting 
cause of a different colour; and that mam 1 after 
refraction proceed diverging. 

That a ray of light passing obliquely from a rarer 
into a denser medium, 1s hind, towards the 
perpendicular; but when it passes from a denser 
into a rarer medium, it is refracted from the perpen- 
dicular, 

That when a ray of light is refracted out of air 
into a given medium, or out of a given medium into 
the air, the sines of the angles o incidence and re- 
fraction are in a constant ratio. 

But light consisting of parts which are differently 
refrangible, each part of an original-or compound 
ray has a ratio peculiar to itself; and that the more 
the heterogeneous ray is refracted, the more will the 
cColour- making rays 12 as the sines of the ho- 

mogeneous ra * are constant, and equal refraction 
produces equal divergences. 

From hence you have also been shewn, that the 
rays, when passing through a convex lens, instead of 
uniting at one focus, form as many foci of different 
distances, as there are coloured rays; and that the 
prismatic colours or irises, which appear towards 
the borders of convex lenses, render the images 
confused. 

The indistinetness of vision produced by this cause, 
"which i is sensible in telescopes of a small aperture, 
increases into so high a ratio upon enlarging the 
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aperture, namely, as the cubes of the diameters, that 
unless this confusion of colours were corrected, it 
would be impossible to increase greatly the power of 
refracting telescopes, without extending their length 
to a very inconvenient size. | 

It was known before Mr. Dollond's, that dif- 
ferent, transparent bodies possessed some a greater 
and some a less refractive power; and it was taken 
for granted, until he evinced to the contrary, that 
the dispersive power of the coloured ray was in 
every transparent body proportional to its mean re- 
fractive power; or, in other words, that the refrac- 
tion of the coloured rays, whatever body they passed 
through, were always in a constant determinate ratio 
to each other. Consequently, if the dispersion pro- 
duced by a convex lens, were counteracted by an- 
other lens or medium of a concave form, that the 
refraction would also be totally destroyed; and that 
this would be the event, if the two lenses were even 
made of the same matter. Upon this supposition, 
it was impossible ever to correct this fault in di- 
optric telescopes. 

While opticians continued to think, tat equal 
refractions would, in every sort of medium, neces- 
sarily produce equal divergences, and chat, conse- 
quently, equal and contrary refractions would de- 
stroy cach other, and that the divergency of colour 
from one refraction would be corrected by the other, 
there could be no possibility of producing any re- 
fraction that would not be affected by the different 
refrangibility of light. For, however a ray of light 
might be refracted backwards and forwards by dif- 
ferent media, provided it was so done that the 
emerging ray was paralle] to the incident one, it 
would always be white or colourless; but if it came 
out inclined to the incident ray, it would diverge 
and be ever aſter coloured. 
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This erroneous supposition was countenanced by 
an experiment of Sir /saac Newton, of placing two 
prisms, one made of glass contained within a pris- 
matie vessel, filled with water, in such manner that 
the rays of light which were refracted by the prism 
of glass should pass through and be refracted in a 
contrary direction, and in as great a degree by the 
water prism; by which means he relates, that light 
thus restored to its original direction was white and 
free from colours. , 

In the year 1757, the late Mr. John Dollond re- 
peated this famous experiment of Newton, of refract- 
ing a ray of light through prisms of glass and water, 
placed with their refracting angles in opposite 
directions, and so proportioned to each other that 
the ray after these opposite refractions emerged 
parallel to the incident ray. According to the 
Newtonian doctrine, there ought here to have been 
no divergency of the heterogeneal rays, and no 
colour produced by these equal and opposite re- 
fractions. | | h 

But this was not the result of the experiments; 
the ray was very sensibly coloured: Mr. Dollond, 
finding that opposite refractions produce colour 
notwithstanding the parallelism of the incident 
and emergent ray, concluded, that by properly ad- 
Justing the angles, he might effect an inclination of 
the refracted to the incident light, without any co- 
lour or divergency. Experiment proved his rea- 
soning to be just. x | 

It may be proper to observe here, that those 
media are said to have the same mean refractive 
density, which, under equal obliquities of incidence, 
equally refract the mean refrangible ray; and two 
media are said to have the same dispersive power, 
which produce an equal inclination of rays of the 
same colour to the mean refrangible ray, when the 
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whole refraction of the mean refrangible ray is equal 
in both. 

Let the vertex of a flint-glass prism, the refracting 
angle of which is equal 10 23” 40, be applied to the 
base of a crown-glass prism, the refracting angle of 
which is equal to 25; a ray of Solar light will pass 
through the prisms when their surfaces are contiguous, 


. but the emergent ray will be coloured.* 


The ray is supposed to fall perpendicularly upon 


the surface of the prism, whose refracting angle is 
the greatest. 8 

The position of the prisms in this experiment is 
such, that the effects of refraction upon the paralle- 
lism of the homogeneal rays passing through them 
are contrary to each other, and consequently if they 
were equal the rays would emerge parallel. But the 
flint prism, by its greater dissipating power, more 
than counteracts the separation of the rays caused 
by their passage through the first prism, which was 
equal to 384 minutes; and, inverting the order of 
the colours, causes the red and violet rays to emerge, 
inclined to each other at an angle of 125 minutes, 
sufficiently great to produce a sensible tinge of the 
prismatic colours in the emergent rays. ; 

Every thing — as in the last experiment, let 
the vertex of a crown-glass prism, the refracting angle 
of which is 105 be applied to the base of the flint 
prim. If a ray of solar light passes through the three 
orisms, when their surfaces are contiguous, the emer- 
gent ray will deviate about 55 37“ from the course of 
the incident ray, but will be colourless. 

In this case the two crown-glass prisms refracting 


the ray in the same direction, cause it to. deviate 


from the course of the incident ray about 5* 37” more 
than the deviation in the contrary direetion arising 
from refraction through a flint prism. 


* Atwwood's Analysis of a Course of Lectures, p. 164, 168. 
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But the flint prism, by its greater dissipating 


power, exactly counteracts the separation of the rays 
caused by refraction through the other two prisms, 
so that the homogeneal rays emerge at length paral- 
lel, and of course colourless. 

Now this was what was wanted; ſor you have 


seen, that the difficulty which chiefly impeded the 


improvement of telescopes was, so to refract a ray 
while it deviated considerably from its original 
course, that the dispersion of the homogeneal rays 
might be counteracted, and that by these means 


they might all emerge parallel, and of course free 


from colour; and this is, you perceive, effected by 
a combination of transparent substances, the refract- 
ing and dissipating powers of which are different. 

In this experiment, the rays of mean refrangibility 
emerge at an angle of refraction equal to 16” 57”. 

If a solar ray impinged upon the surface of the 


prism last applied at an angle of incidence equal to 


16" 57”, the angle of dissipation after emergence 
into air would be equal to 1245. 

But it was shewn in the former experiment, that 
the dissipation of the rays emerging from the two 
prisms was equal to 124; for which reason, and on 
account of the contrary position of the prisms, the 
red and violet rays emerging, inclined to each other 
at an angle of 125 from the two prisms, and fallin 
upon the third, will be refracted out of it colourless. 

It appears then that two kinds of glass are neces- 
sary for achromatic telescopes, one. of which shall 
possess as small, and the other as great dispersive 
powers, relatively to their mean F 27 ray, as 
can be procured. 

The difference of glass in this respect depends on 
the quality of the ingredients employed in their com- 
position. | 

Crown-glass, which is composed of sand, melted 
by means of the ashes of sca-weeds, barilla, or kelp, 
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both which fluxes are known to consist of vegetable 
earth, alkali, and neutral salts, is found to give the 
smallest dispersive power. 2 cc 

Plate-glass, which is composed of sand melted by 
means of fixed alkah, with little or no vegetable 
earth, gives a greater dispersive power 

The dispersive power of fint-glass is much greater 
than either of the others, and this consists of sand 
melted by a mixture of minium and fixed alkali. It 
18 ere therefore, that minium and other metallic 
calces give the greatest dispersive power, and that 
alkalis give more than vegetable, and probably other 
earths, | 

Let a crown-glass prism, whose refracting angle is 
30”, be applied contiguous to a prism of flint-glass, 
swhose refracting angle is 10"; with the vertices of the 
prisms in opposite directions, a solar ray being refracted 
through them will deviate from the course of the inci- 
dent ray, but will not be separated into the coloured 
rays. | | | 
Here it appears, that the two prisms operate 
equally upon the parallelism of the homogeneal rays 
passing through them, and that as these effects by 
the position of the prisms tcnd to correct each other, 
the homogeneal rays, after being refracted through 
them, emerge parallel and colourless. 

Mr. Dollond next considered, that as a ray might 
be refracted free from colour through a wedge, it 
might also through a lens. When an image of an 
object is formed by a convex lens, it appears co- 
loured, owing to the dispersion of the rays by re- 
fraction; as, therefore, rays can be refracted without 
dispersion by prisms, he conceived that it might alsq 
be done by a conbination of lenses. And in this he 
succeeded, by considering that in order to make 
two spherical glasses that should refract the light in 
contrary directions, as in the two wedges, one must 
be concave and the other convex; and as the rays 
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are to converge to a real focus, the excess of refrac- 
tion must be in the convex lens, because that makes 
rays converge, and the concave makes them diverge. 
Also, as the convex lens is to refract most, it must 
be made of crown- glass, as appeared from the expe- 
riments with the wedges, and the concave lens of 
white flint-glass. Farther, as the angle of disper- 
sion varies inversely as the focal length, very nearly, 
from the principles of optics, and the angle of dis- 
persion also varies as the dispersing powers, there- 
fore if the focal lengths be taken inversely as the 
dispersing powers, found from the two wedges, the 
angles of dispersion will be equal, and, being in 
contrary directions, they will correct each other, 
and the different refrangibility of light will be re- 
moved. 

Upon this principle, Mr. Dollond was enabled to 
make a combined lens to form an image tree from 
colour, and therefore brought to perfection the re- 
fracting telescope, making it represent objects with 

t distinctness, and in their true colours. In- 
stead of forming the object-glass with one convex 
lens of crown, and one of flint-glass, two convex 
lenses of crown are used, and the concave one of 
flint put between them. This construction of the 
object- glass tends also to correct the error arising 
from the spherical form of the lens; for, as the rays 
at the edge of the convex lens tend to a focus nearer 
to the lens than those at the middle, the concave 
lens, which makes the rays at the edge diverge more 
than those at the middle, will counteract the above 
effect, and bring the rays at all distances from the 
center of the lens to a focus more nearly together ; 
and by a proper adjustment of the foci, the diffusion 
of rays at the focus may be rendered inconsiderable, 
Telescopes thus constructed are called achromatic. 
This discovery of Mr. Dollond was so extraordi- 
nary, and so contrary to the best established princi- 
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ples, that it was not believed at first by Mr. Euler. 
t length, however, Mr. Zicher of Petersburg made 
experiments similar to those of Mr. Dollond, and 
convinced Mr. Euler that it was true. He also 
shewed, that it is the lead which is used in some 
compositions of glass, which produces the extraor- 
dinary property of augmenting the dispersion of the 
extreme rays, without sensibly changing the refrac- 
tion of the mean. 

Mr. Euler, in a paper read at the Academy of 
Sciences at Berlin, in 1704, was candid — to 
own he did not at first credit the account, and 
thereby gave to Mr. Dollond the credit of the disco- 
very. Notwithstanding this, Mr. De la Lande in his 
Astronomy, and Mr. Fuss in his Eulogy on Mr. Euler, 
both ascribe the invention to Mr., Euler. Mr. P. 
Dollond has however fully proved, that the discovery 
must be attributed to Mr. John Dollond.* 


In the same pamphlet Mr. Dollond has shewn the 


reasons which prevented Newton from drawing the 
same conclusions; that it arose from the kind of 
glass he made use of; so that his veracity remains 
unimpeached, and the experiments, when made with 
the same kind of glass, exactly correspond with those 
of Sir Baac Newton. In his time the English were 
not famous for wy telescopes, many were im- 
ported from Venice. The glass imported from this 
place was nearly of the same refractive quality as our 
crown-glass, but of a better colour. It is probable 
that Newton's prisms were made of that glass, be- 
cause he mentions the specific gravity of common 
glass to be to water as 2,58 to 1, which answers 
nearly to that of crown-glass. Mr. Dollond made a 
prism of a piece of this glass, and trying the expe- 


*z © Some Account of the Discovery by the late Mr. John Dollond, 


which led to the great improvement of .refracting telescopes, by 
Mr. P. Dollond. om 
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riment with it, found it answered very nearly to 
what Newton relates; the difference being only such 
as may be supposed to arise from the same kind of 
glass made at different times.“ 


OF REFLECTING TELESCOPES. 


Sir John Pringle, in his discourse to the Royal 
Society on the reflecting telescope, attributes the 
first thought thereof to Mersennus, who proposed to 
Descartes a telescope with specula, many years be- 
fore Gregory's invention; though indeed in a manner 
so very unsatisfactory, that Descartes, who had given 
particular attention to the improvement of the teles- 


* In the Gentleman's Magazine for 1790, page 890, by a writer 
signing himself Veritas, the invention and first construction of the 
achromatic object-glass is ascribed to C. M. Hall, Esq. who, it is 
said, from considering the perfectly achromatic structure of the 
humours of the eye, about 1729, imagined that from various glass 
substances he might construct an achromatic object-glass. About 
1733, after many experiments, he completed several achromatic 
object- glasses, which were found to be very 8 and bore large 
apertures. From a work man of the name of Bass, whom Mr. Hal! 
occasionally employed, and who worked. for the optical shops, 
Mr. Hall's invention is said to be obtained. But complete and 
perfect achromatic telescopes were unquestionably first made and 
delivered to the public by Mr. Dollond. The ry now is well 
known to the skilful optician; and it is to the impurity of the flint 
glass chiefly that telescopes of large apertures and censiderable powers 
are not generally made. It is much to be regretted, that the inte- 
rest and indifference of the glass manufacturer, and the excise laws, 
precludes the opportunity of selecting proper glass. To make a 

achromatic object-glass requires no small pains ;. and, suppos- 
ing that both the sorts of glass be perfectly pure, and the various 
curves of the glasses of the proper kind, yet, if they ave not well 
centered and fitted up with skill, the glass will be imperfect, and 
give an ill-defined image. 

The variableness in the refractive * of different sorts of 
glass compels us also to vary occasionally the curves of the lenses; 
so that the theory only will never in this instance give a constant 
theorem for constructing any achromatic objeet- glass whatsoever. 
The word achromatic is of Greek derivation, and signifies without 
coluur; as a perfect. object-glass of a telescope will . the objeat 
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cope, was so far from approving the proposal, that 


he endeavoured to convince Mersennus of the fal- 


lacy. 
5 was led to the invention by seeking to 
correct two imperfections of the common telescope; 
the first was, its too great length, which made it 
less manageable; the second, the incorrectness of 
the image. It had been demonstrated, that a pencil 
of rays could not be collected in a single point by a 
spherical lens, and also that the image transmitted 
by such a lens would be in some degree incurvated. 
These inconveniences he believed would be obvi- 
ated by substituting for the object-glass a metal - 
lic speculum of a bolic figure, to receive the 
image, and to reflect it towards a small speculum 
of the same metal; this again was to return the 
image to an eye-glass placed behind the great spe- 


colourless, this term has been applied to the compound object-glass 
as first made by the late Mr. Jobn Dollond. f 

The imperfections of glass, as has been observed, is the preven- 
tion of object- glasses of large apertures. To obviate this, Dr. Blair 
some years ago made a variety of experiments, by introducing fluid 
mediums between the two crown-glass double convex lenses, as a 
substitute for the solid white flint one. He found various mixtures 
to answer very well, but particularly a mixture of solutions of ammo- 
niacal and mercurial salts, A telescope of his with an object-glass 
of seventeen inches focal distance and three inches and an half aper- 
ture, is said to exceed one of Dollond's of forty-two inches focal 


length. 

. the Doctor conceives that he has thus removed the aberration, 
he distinguishes his instrument by the term Aplanatic. But, upon 
the whole, it has been remarked that solid object-glasses are yet to 
be desired; for compounds of fluids are subject in the making to 
many practical difficulties, and from unavoidable inconveniences to 
those using them, are prevented from being useful, but only in the 
hands of skilſul philosophers and opticians. It is now some years 
since the Doctor obtained a patent for the contrivance, and no pro- 
fessed observation or publication of effects by them appear to have 
been made. The theory of his contrivance the reader will see in 
the Transactions of the Royal Society, Edinburg, vol. ii. 

For descriptions and representations of the best mounted achro- 
matic refractors and reflectors, see my Appendix to this Lecture. 

LI 2 
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culum, which for that purpose was to be perforated 


in its center. 


But as Gregory was endowed with no mechanical 


dexterity, nor could find any workman capable of 
realizing his invention, after some fruitless attempts 
he gave up the pursuit. And, probably, had not 


some new discoveries been made in light and colours, 


a reflecting telescope would never more have been 
thought of, considering the difficulty of the execu- 
tion, and the small advantages that could accrue 
from it, deducible from the principles of optics that 
were then known, | | 

But Newton, whose happy genius for experimental 
knowledge was equal to that for geometry, and who 
to these talents, in a supreme degree, joined patience 
and mechanical abilities, happily interposed and 
saved this noble invention from well nigh perishing 
in its infant state. bh 


While be was employed in endeavouring to grind 


lenses of the figure of one of the conic sections, he 
happened to examine the colours formed by a prism, 
and having by means of that simple instrument 
made the ever memorable discovery of the different 
refrangibility of the rays of light, be then perceived 
that the errors of the telescopes, arising from that 
circumstance alone, were some hundred times greater 
than such as were occasioned by the spherical figure 
of lenses. This forced Newton as it were to fall into 
Gregory's track, and to turn his thoughts to reflec- 
tors. If Newton was not the first inventor of the 


reflecting telescope, he was the main and effectual 


inventor. 

It was towards the end of 1668, or the beginning 
of the following year, that Newton, being thus ob- 
liged to have recourse to reflectors, and not relying 
on any artificer for making his specula, set about the 
work hunself, and early in the year 1673 completed 
two small reflecting telescopes; one of these he 


— 


0 
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presented to the Royal N communicating at 


the same time a full and satisfactory account of its 
construction and performance, and received from 


them such thanks as were due for so curious and 
valuable a present. 

But how excellent soever the contrivance was, 
bow well soever supported and announced to the 
public, yet, whether it was that the artists were 


deterred by che difficulty and labour of the work, or 


that the discoveries even of a Newton were not to be 
exempted from the general fatality attending great 
and useful inventions the making a slow and vex- 
atious progress to the authors; the fact is, that, 
excepting an unsuccessful attempt which the Royal 
Society made by employing an artiſicer to imitate 


the Newtonian construction, and a disguised Grego- 


rian telescope, set up by Cassegrain abroad, as a 


rival to Newton's, and that in theory only, for it was 


never put in execution by the author, no reflector 
was heard of for near half a century after. But 
when that period was elapsed, a reflecting telescope 
was produced to the world of the Newtonian con- 
struction, which the venerable author, ere yet he 
had finished his much- distinguished course, had the 
satisfaction to find executed in such a manner, as to 
leave no room to fear that the invention would 
longer continue in obscurity. 

This memorable event was owing to the dexterity, 
the genius, and application of Mr. Hadley, the in- 
ventor of the reflecting quadrant, another most 
valuable instrument. The two telescopes which 
Newton had made, were but six inches long, and in 


s telescope was about six feet long, and equalled 


power were compared to a six feet refractor. Had- 
424 


in performance the famous aerial PID of Huy- 


gens, of 123 feet in length.* 


* Sir John Pringle's Discourses, p. 206, &c. 
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It may be worth observing, that Sir [aac Newton 
sent his telescope to the Royal Society while his 
election into the society was depending, and he 
concludes with saying, © that if he should be elected, 
he would endeavour to testify his gratitude by com- 
municating what his poor and solitary endeavours 
could effect, towards promoting their philosophical 
design.” Such was the modesty of the man who 
was the glory of the society, of the nation, of the 
world.*, 


OF THE GREGORIAN REPLECTING TELESCOPE, 


The Gregorian reflector consists of two concave 


mirrors, and two plano-convex lenses for the eye- 
glasses. 


TTTT, plate 8, fig. 2, is a cylindrical tube; at 
the bottom of this a concave metallic reflector or 


mirror, DUVPF, is placed: this reflector has a hole 
ih the middle. 


Towards the other end a small concave mirror, L, 
is placed; this is supported on an arm, M, which 
may be moved nearer to, or farther from the great 
speculum, at pleasure. 


These two mirrors are placed parallel to each 
other; the small one is generally somewhat larger 
than the hole in the great mirror. At the bottom of 


* After Newton, Mr. James Short, about the year 1734, con- 
structed reflectors with the metals of the parabolic figure, superior 
to any other. His telescopes that I have occasionally examined, 
shew great perfection, but with a copper-kind of colour, arising 

from the composition of the materials of the metal. From a prin- 
ciple unknown to a liberal philosopher, Mr. Short would not dis- 
close the particular progresses by which he figured his metals; and 

at the time of his death they were supposed to die with him, 
Mr. Jobn Muage, after Short, made a —_— telescope, it is 
said, of equal perfection. The late Rev. Mr. Edwards improved 
very much the reflectors, particularly in the composition of the 
speculums. From the variety of trials of different ingredients com- 
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the cylindrical tube, and just opposite the perfo- 
ration in the large mirror, is a small brass tube, ade, 
containing the two eye-glasses; at the further end of 
this tube is a very small hole, to which the eye is to 
be applied. 

The construction being understood, we may pro- 
ceed to explain the optical effect of this instrument. 

1. The open end of the cylindrical tube being set 
directly towards the object, which being supposed 
to be distant, the rays proceeding therefrom may be 
considered as parallel to each other; and being re- 
flected back by the large concave speculum, they 
will form an image of the object at its focus, which, 
from the figure, is evident will be inverted. 

Let C represent all the rays proceeding from the 
point, B, of the object, and E the pencil of rays 
proceeding from the point A. | 

The rays, C, falling parallel upon the great mirror, 
will be thence reflected, and converge in the direc- 
tion DG; and by crossing at I, the principal focus 
of the mirror, they will form the upper extremity of 
the inverted image IK, similar to the lower extre- 
mity, B, of the object AB. 

In like manner, the rays, E, which come from the 
top of the object, and fall upon the great mirror 
at F, are thence reflected converging to its focus, 
where they form the lower extremity, K, of the in- 


pounded by him, have two or three preparations been determined 
that produce speculums of a fine white and clear colour: it is 
chiefly from his directions that speculums are now made of a good 
clear colour. 

The largest reflectors ever constructed are those by Dr. Herscbel; 
he has fabricated them of the lengths from 18 to 20 feet, upon the 
constructions of Newton, or, peculiar to himself, with one large 
metal and one eye-tube only. He has lately constructed one of 
the stupendous length of 40 feet, and its speculum four feet in 
diameter; for the figure and description of which I refer the reader 
$0 the Philosophical Transactions for 1799. Epir. \ 
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verted image, I K, similar to the upper extremity, A, 
of the object AB. 4 

The rays from these two pencils pass on from I 
and K to the small mirror, L, the rays from F fall- 
ing upon it at h; those from D falling upon it at g; 
from which points they are again reflected. 

2. The focus of the small speculum is at n, a little 
beyond the place where the image is formed by the 

eat speculum. | 

If the focus of this mirror fell precisely on m, 
where the image from the other is formed, the rays 
would be reflected parallel therefrom; but as it is 
somewhat beyond or longer than that distance, they 
are reflected converging in the direction g N. 

3. The converging pencil of rays, g N, proceed- 
ing from the point, g, and reflected by the small 
mirror, would coincide beyond the telescope if they 
were not refracted by the eye-glasses. It is the 
same with the other converging pencil, 

But to render the instrument shorter, these con- 
verging rays are made to fall on the lens, R, in the 
eye-tube, which increases their convergence, and 
makes them coincide at a and b, where they form 
an erect image of the object at ab. This image 
being at the focus of the lens 8, the rays proceeding 
from the image formed there are so refracted by it, 
as to emerge parallel to the eye, and thus produce 
distinct vision. 

The light which falls upon the surface of the large 
mirror is reflected to the small mirror; the eye 


therefore receives from the telescope a quantity of 


light, which is to that which it would receive by 
naked vision, nearly in the same proportion that the 
surface of the large mirror is to the surface of the 
small hole at e, near the pupil of the eye. 

The rays passing on from the image, pass through 
the second eye-glass, S; and through a small hole, e, 


— ww 
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enter the eye, f, which sees the image, ab; and, by 
means of the eye-glass under the large angle, ced, 
the second glass, R, increases the field, and renders 
the image more perfect. 

In order to suit different eyes and distances, there 
is a small rod with a screw at one end; this screw 
goes through the arm which is fixed to the small 
reflector, so that by turning the end it brings it 
nearer, or removes it further from the larger spe- 
culum, 8 


An eye- stop is placed at the last image, to cut off 


the superfluous rays; a very small hole is made at e, 
to let the rays pass to the eye. | 

To see near objects, or to accommodate the teles- 
cope for long-sighted people, the small mirror must 
be moved further from the large mirror than when 
used for distant objects or a common sight; for if an 
object comes nearer, the image of i at m will come 
nearer n, and as nm decreases, n P will increase, 
and will come nearer the lens, R; to reduce or 
bring it back, the mirror must be removed further. 

For short-sighted people, the focus, P, must be 
brought nearer R, to make the rays more divergent; 
that 1s, n P must be longer, and consequently n m 
Shorter, or h g brought nearer to DU, VF. 

Therefore, for distant objects, and short-sighted 
people, turn the screw to the right; but for near 
objects and old eyes, turn to the left. 


This telescope, as you have seen, shews the object 


erect, but not so bright as in refracting telescopes, 
because glass transmits more light than metal re- 


fleets, It has been estimated, that one third of the 


light received is lost by reflexion. 


The visible area of an object is as the breadth of 


the eye- glass; for, if the image at I K, and the eye- 


glass be increased, the image at m will also be 


jncreased, because the angles of incidence and re- 
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Aexion at hg are equal, and consequently the visible 
part of the object is increased. | 
The brightness of the object is in proportion to 


the aperture; for the larger this is, the greater is the 


quantity of light that comes to the eye. 

The extreme parts of the image are less bright 
than the rest, because the shadow of the small spe- 

culum falls on the outside; but towards the middle, 
it only covers the hole. 

To render the determination of the magnifying 
power more easy, I shall consider the tube to be 
twelve inches long, and two inches diameter; the 
concave speculum, at the bottom of the tube, to be 
of seven inches focus, and two inches diameter; the 
hole in the center of an inch in diameter; the 
focus of the small mirror , its diameter & of an 
inch: the first eye-glass about three inches focus, 
the second about 12. We must now refer back to 
our former instructions on the principles of rays of 
light, when reflected from a spherical concave mirror. 

You will recollect, Ist. That the light, which 
comes from a very distant object, is so reflected, that 
the point where they meet, and where the image is 
formed, is th part of the diameter of the sphere, of 
which the great speculum is a segment. 2d. That 
if the object is at the focus of a concave spherical 
mirror, the rays falling therefrom are reflected pa- 
rallel to each other. 

Now, distant objects seen through the reflecting 
telescope, form an inverted image at IK, the focal 
point of the large speculum, and nine inches there- 
from, and the image and object both appear under 
the same angle from the vertex of the mirror; this 
image at the focus, I K, being the base of two angles, 


whose summits are the centers of two spherical mir- 


rors. Now, the distance of the focus of the two 
mirrors is as 14 to 9, or as 3 to 18, by taking away 
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the fraction; or as 1 to 6, by dividing the terms 
by 3: therefore the two angles are in the proportion 
of 1 to 6; that is, the angle subtended by the sphe- 
rical surface, of which AB is a portion, is six times 
larger than what the object subtends at the surface 
of the large mirror; consequently, if the eye was 
placed in the parallel rays proceeding from the small 
speculum, it would see the object perfectly therein, 
and magnified in the proportion of the focal distances 
of the two metals, that is, as 6 to 1. 

Now, the two lenses in the eye-tube form a teles- 
cope whose property, on the principles already laid 
down, is to magnify the object in the proportion 
that the focus of the lens, S, exceeds that of R, in 
this instance, as 36 to 10; but the telescope was 
before shewn to magnify in the proportion of 6 to 1. 
By combining these proportions, we shall obtain 
10X 1, and 36 X06, or 10 to 216, or nearly as 1 to 22,* 


OP THE NEWTONIAN TELESCOPE, 


The telescope of Newton differs a little in the 
construction from that of Gregory, but it is founded 
upon the same principles, as well geometrical as 
physical, 


* Fig. 11 represents the form of the Cassegrain reflector; the 
only difference between which and the Gregorian is, that the small 
speculum, G, in this is convex, and in Gregory's, concave, see fig. 23 
it is, therefore, a variation of Gregory's, and not a new invention, as 
Cassegrain published it to be. This telescope has one or two ad- 
vantages over others: a shorter tube will admit of equal power with 
a longer one of the Gregorian; the larger speculum being concave 
and the smaller one convex, the whole aberration is the difference 
ot the two, and they tend to correct each other. The principal 
disadvantage is, that it is useful only for celestial objects, as the 
image is only once formed, and is therefore seen inverted, as /. 

When a telescope is wanted both for terrestrial and celestial pur- 
poses, the Gregorian is the one to be preferred, and is now univer- 
sally adopted. It shews all objects in their natural positions, and 
is of a form the most convenient for portability and readiness in 
management, Err. 
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It consists, like the former, of a tube to receive 7 
the metals; the upper end of the tube is open; at a 
the bottom of this is placed a concave metal reflector, | 
and a plane small metal reflector, inclined 45 degrees 8 
to the axis of the large reflector. This small reflec- t 
tor must be of an oval form; the length of the oval 1 


should be to the breadth as 2 to 1, on account of the 

obliquity of its position; it is supported on an arm ( 
fixed to the side of the tube; an eye-glass is placed | 
in a small tube, moveable in the larger tube, so as to | 
be perpendicular to the axis of the large reflector, 

the perpendicular line passing through the center of 

the small mirror. The small mirror is to be situ- 

ated between the large mirror and its focus, that its 

distance from this focal point may be equal to the 

distance from the center of the mirror to the focus of 

the cye-glass. | 

The tube vxzy, plate 8, fig. 3, being turned with 
its open end towards the object, parallel rays com- 
ing therefrom will be reflected by the concave mir- 
Tor to its focus, where it would form an inverted 

image of the object, but from the interposition of 
the small reflector, fg, they are prevented comin 
to the focus, and are reflected to t, the focus of the 
eye-glass, where they form an image equal to what 
would have been formed at the focus of the concave 
mirror. This image being in the focus of the eye- 
glass, the rays proceeding therefrom will be so re- 
tracted by the lens, as to emerge parallel to the eye, 
and therefore properly constituted to produce distinct 
vision. 

If the face be turned towards the open end of the 
tube, and the eye be applied at h, the object will 
appear inverted; but if the face be turned towards 
d, the object will be erect: the latter position is in 
most cases very inconvenient. 

The magnifying power is in the same proportion 
as the focal distance of the concave speculum ex- 


— 


THE NEW TONTAN TELESCOPE. 541 


ceeds that of the eye-glass. This telescope will bear 
a greater aperture than the Gregorian 2 less 
light is also lost from the oval plane than from a 
spherical reflector. It is by means of a Newtonian 
telescope chiefly that Dr. Hersche/* has added so 
many valuable discoveries to astronomy. 

The disadvantages under which reflecting teles- 
copes labour, arise from their requiring larger aper- 
tures to transmit the same quantity of light; from 
being more affected by the imperfections of the 
atmosphere than a refracting telescope; from being 
liable to tarnish; but principally from the imperfec- 
tions of the workmanship of the object-speculum, 
which injures them more than equal faults in the 
object-glass of refractors. 


This indefatigable astronomer has demonstrated the great use 


that large reflectors may be of in the observatory, The largeness 


of their apertures, and' the brightness of an object observed will 
admit of powers to the amount of many thousands of times being 
applied to them. But such extreme powers are but in very few 
instances useful; the great advantage by these large apertures is 
light, and the generality of observations made by the Doctor has 
never exceeded a few hundreds of times. The requisite machinery 
to ths reflectors of 12 feet in length, and more, causes them to be 
very bulky, and suitable only to spacious premises out of doors on 
the ground purposely appropriated. For a proper idea of his largest 
telescope, I must again refer the reader to the Philosophical Trans- 
actions for 1795. In his largest telescopes, he uses but one simple 
unperforated speculum, as a b, Ag. 3, and applies an eye-tube with 
glasses to the inner circumference at the object end, x, whereby he 
views the object to be observed. This method was also used by 
Jacques le Maire 80 long ago as in 1728, and a figure of the in- 
strument may be seen in the Machines approvees par I Acad. 
Tom. vi. pag. 61. 
For an improvement in producing the vertical motions to large 


. reflectors, see my Appendix to this Lecture, EpiT, 
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LECTURE XXIII. 


OF MICROSCOPES. 


By a microscope we understand an instrument for 
viewing small objects, rendering those visible which 
would be otherwise imperceptible. Microscopes are 
divided into three kinds, smgle, * Ne and solar; 
single microscopes are those which consist of one 
lens; compound, those which are formed of two or 
more lenses; solar, those which are used in a dark 
room, the object being illuminated by the sun, and 
the image received on a screen.“ | 

It is generally supposed, that microscopes were 
invented about the year 1580, a period fruitful in 
discoveries, when the mind began to emancipate 
itself from those errors and prejudices by which it 
had been too long enslaved, to assert its rights, 
extend its powers, and follow the paths which lead 
to truth. The honour of the invention is claimed 
by the Italians and the Dutch; the name of the in- 
ventor, however, is lost; probably the discovery did 


not at first appear sufficiently important, to engage 


the attention of those men, who, by their reputation 
in science, were able to establish an opinion of its 
merit with the rest of the world, and hand down the 
name of the inventor to succeeding ages. Men of 
great literary abilities are apt to despise the first 
dawnings of invention, not considering that all real 
knowledge is progressive, and that what they deem 
trifling may be the first and necessary link to a new 


branch of science. 


* For figures of all the various improved microscopes, see our 
Author's Essays on the Microscope, a new edition, just published, 
with many corrections and considerable additions, by Frederick 


Kanmacher, F. L. 8. Epir. 
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The mieroscope extends the boundaries of the 
organs of vision; enables us to examine the struc- 
ture of plants and animals; presents to the eye my- 
riads of beings, of whose existence we had before 
formed no idea; opens to the curious an exhaustless 
source of information and pleasure; and furnishes 
the philosopher with an unlimited field of investi- 
gation, It leads, to use the words of, an ingenious 
writer, to the discovery of a thousand wonders in 
the works of his hand, who created ourselves, as 
well as the objects of our admiration; 1t improves 
the faculties, exalts the comprehension, and mul- 
tiplics the inlets to happiness; is a new source of 
praise to him, to whom all we pay 1s nothing of 
what we owe; and while it pleases the imagination 
with the unbounded treasures it offers to the view, 
it tends to make the whole life one continued act of 
admiration. For there is no object so inconsiderable, 
that it has not something to invite the curious eye 
to examine it; nor is there any, which, when pro- 
perly examined, will not amply repay the trouble of 
investigation. 

It is not difficult to fix the period when the mi- 
eroscope first began to be generally known, and was 
used for the purpose of examining minute objects; 


for though we are ignorant of the name of the first 


inventor, we are acquainted with the names of those 
who first engaged the public attention, by exhibit- 
ing some of its wonderful effects. Zacharias Jansen 
and his son had made microscopes before the year 


1619, for in that year the ingenious Cornelius Dre- 


bell brought one, which was. made by them, with 
him into England, and shewed it to William Borrell 
and others. It is possible this instrument of Dre- 
belPs was not strictly what is now meant by a mi- 
croscope, but was rather a kind of microscopic te- 
lescope, something similar in principle to that lately 
described by Mr. Aepinus, in a letter to the Academy 
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of Sciences at Petersburg. It was formed of a 
copper tube six feet long and one inch in diameter, 
supported by three brass pillars in the shape of 
dolphins; these were fixed to a base of ebony, on 
which the objects to be viewed by the microscope 
were also placed. In contradiction to this, Fontana, 
in a work which he published in 1646, says, that 
he had made microscopes in the year 1618: this 
may be also very true, without derogating from the 
merit of the Jansens, for we have many instances 
in our own times of more than one person having 
executed the same contrivance nearly at the same 
time, without any communication from one to the 
other. In 1685, Stelluti published a description of 
the parts of a bee, which he had examined with a 
microscope. 

If we consider the microscope as an instrument 
consisting of one lens only, it is not at all impro- 
bable, that it was known to the ancients much 
sooner than the last century; nay, even in a degree 
to the Greeks and Romans; for it is certain, that 
spectacles were in use long before che above- men- 
tioned period. Now, as the glasses of these were 
made of different convexities, and consequently of 
different magnifying powers, it is natural to sup- 
pose, that smaller and more convex lenses were made, 
and applied to the examination of minute objects. 
In this sense, there is also some ground for thinking 
the ancients were not ignorant of the use of lenses, 
or at least what approached nearly to, and might in 
some instances be substituted for them. 


OF THE OPTICAL EFFECTS OF MICROSCOPES. 


It has been already observed, that the human eye 
is so constituted, that we cannot see an object dis- 
tinctly when it is nearer the eye than six inches. 
To enable us to see objects nearer is the design of the 
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microscope, for by this means we are enabled to 
discern those objects which, from their minuteness, 
become imperceptible at a small distance. Hence 
a microscope is said to magnify the objects seen 
through it; but this expression is only true with re- 
spect to the apparent magnitude of the object. 

To have right ideas on this subject, you must 


distinguish the apparent from the real magnitude 


of objects; the real magnitude of an object is the 
object of geometry, and remains invariable as long 
as the object continues in the same state; the ap- 
parent magnitude may be infinitely varied, while 
the real size remains unaltered. Thus the stars in 
the heavens appear to us exceeding small, although 
their real size is prodigious; this difference is occa- 
sioned by their immense distance. If we could ap- 
proach them, we should find them increase in size 
as the distance diminishes; the apparent magnitude 
depending in a great degree on the angle under 
which it is seen, and this angle increases or dimi- 


nishes, according as the object is nearer to or further 


from the eye. | | h 

Thus let PO Q, plate 8, Hg. 4, be the object of 
dur sight; this, if the eye be at A, will appear under 
the angle PAQ, called the visual angle, and which 


_ determines in a great measure the apparent size of 


an object. It is plain from hence; that the further 


the eye is from the object, the smaller is this angle; 
and that thus the largest bodies may be seen under 
an exceeding small angle, if they are at a sufficient 
distance. | | 

If the eye be at B, the object will be seen under 
the angle P BQ, which is visibly larger than the 
* PAQ. Let the eye be at C, the angle, PC Q; 
is larger than PB Q; and so on, the nearer the eye 
is to the object, the larger is the visual angle. 

From hence it follows, that the apparent dia- 
meter of an object seen by the naked eye, may be 
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magnified in any proportion we please; for as the 
apparent diameter 1s increased in proportion as the 
distance from the eye is lessened, we have only to 
lessen the distance of the object from the eye, in 
order to inerease the apparent diameter thereof.“ 
Thus, suppose there is an object, AB, plate 8, fig. 5, 
which, to an eye at E, subtends or appears under the 
angle AEB, we may magnify the apparent dia- 
meter in what proportion we please, by bringing 
our eye nearer to it. If, for instance, we would 
magnify it in the proportion of FG to AB; that 
is, if we would see the object under an angle as 
large as F E G, or would make it appear the same 
length that an object as long as F G would appear, 
it may be done by coming nearer to the object. 
For the apparent diameter is as the distance in- 
versely; therefore, if C D is as much less than CE, 
as F G is greater than AB; by bringing the eye 


nearer to the object in the proportion of CD to 


ED, the apparent diameter will be magnified in the 
proportion of FG to AB; so that the object AB, 
to the eye at D, will appear as long as an object, 
FG, would appear to the eye at E. In the same 
manner, we might shew, that the apparent diameter 
of an object, when seen by the naked eye, may be 
infinite. For since the apparent diameter is recipro- 
cally as the distance of the eye, when the distance 
of the eye is nothing, or when the eye is close to 
the object at C, the apparent diameter will be the 
reciprocal of nothing, or infinite. 1 
There is, however, one great inconvenience in 
thus magnifying an object, without the help of 
glasses, by placing the eye nearer to it. The in- 
convenience is, that we cannot see an object dis- 
tinctly, unless the eye is about five or six inches 
from it; therefore, it we bring it nearer to our eye 


* Rutherforth's System of Natural Philosophy, p. 33G. 
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than five or six inches, however it may be magni- 
fied, it will be seen confusedly. Upon this account, 
the greatest apparent magnitude of an object that 
we are used to, is the apparent magnitude when the 
eye is about five or six inches from it: and we never 
place an object much within that distance; because, 
though it might be magnified by this means, yet 
the confusion would prevent our deriving any ad- 
vantage from seeing it so large. The size of an 
object seems extraordinary, when viewed through a 
convex lens; not because it is impossible to make 
it appear of the same size to the naked eye, but be- 
cause at the distance from the eye which would be 
necessary for this purpose, it would appear exceed- 
ingly confused; for which reason we never bring 
our eye so near to it, and consequently, as we have 
not been accustomed to see the object of this size, 
it appears an extraordinary one. 

On account of the extreme minuteness of the 
atoms of light, it is clear, a single ray, or even a 
small number of rays, cannot make a sensible im- 
pression on the organ of sight, whose fibres are very 
gross, when compared to these atoms; it is neces- 
sary, therefore, that a great number should proceed 
from the surface of an object, to render it visible. 
But as the rays of light, which proceed from an 
object, are continually diverging, different methods 
have been contrived, as we have already shewn you, 
either of uniting them in a given point, or of se- 
parating them at pleasure. 

Thus, by the help of convex lenses, we unite-in 
the same sensible point a great number of rays, pro- 
ceeding from one point of an object; and as ea 
ray carries with it the image of the point fro 


whence it proceeded, all the rays united must form 


an image of the object from whence they were 


emitted, This image is brighter, in proportion as 


there are more rays united; and more distinct, in 
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proportion as the order in which they proceeded, is 
better preserved in their union. 5 

We perceive the presence and figure of objects 
by the impression each respective image makes on 
the retina; the mind, in consequence of these im- 
pressions, forms conclusions concerning the size, 
position, and motion of the object. It must how- 
ever be observed, that these conclusions are often 
rectified or changed by the mind, in consequence of 
the effects of more habitual impressions. For ex- 
ample; there is a certain distance, at which, in the 
general. business of life, we are accustomed to see 
objects: now, though the measure of the image of 
these objects changes considerably when they move 
from, or approach nearer to us, yet we do not per- 
ceive that their size is much altered: but beyond this 
distance, we find the objects appear to be dimi- 
nished, or increased, in proportion as they are more 
or less distant from us. 5 

For instance, if I place my eye successively at 
two, at four, and at six feet from the same person, 
the dimensions of the image on the retina will be 
nearly in the proportion of 1, of , of 3, and conse- 
quently they should appear to be diminished in the 
same proportion; but we do not perceive this di- 
minution, because the mind has rectiſied the im- 
pression received on the retina. To prove this, 
we need only consider, that if we see a person at 
120 feet distance, he will not appear so strikingly 
small, as if the same person should be viewed from 
the top of a tower, or other building, 120 feet high, 
a situation to which we had not been accustomed. 
From hence, also, it is clear, that when we place 
a glass between the object and the eye, which from 
its figure changes the direction of the rays of light 
from the object, this object ought not to be judged 
as if it were placed at the ordinary reach of the sight, 
in which case we judge of its size more by habit than 
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by the dimensions of the images formed on the re- 
tina: but it must be estimated by the size of thg 
image in the eye, or by the angle formed at the eye 
by the two rays which come from the extremity of 


y 
* 


the object. | | 

If the image of an object, formed after refraction, 
is greater or less than the angle formed at the eye, 
by the rays proceeding from the extremities of 
the object itself, the object will appear also propor- 
tionably enlarged or diminished; so that if the eye 
approaches to, or moves from, the last image, the 
object will appear to increase or diminish, though 
the eye should in reality remove from 1t in one case, 
or approach towards it in the other; because the 
image takes place of the object, and is considered in- 
stead of it. | 

The apparent distance of an object from the eye, 
is not measured by the real distance from the last 
image; for, as the apparent distance is estimated 
principally by the ideas we have of their size, it fol- 
lows, that when we see objects, whose images are 
increased or diminished by refraction, we natu- 
rally judge them to be nearer or further from the 
eye, in proportion to the size thereof, when com- 
pared to that with which we are acquainted. The 
apparent distance of an object is considerably af- 
fected by tke brightness, distinetness, and magni- 
tude thereof. Now as these circumstances are, in 
a certain degree, altered by the refraction of the 
rays in their passing through different media, they 
will also, in some measure, affect the estimation of 
the apparent distance. 


OF THE SINGLE MICROSCOPE, 


The single microscope renders minute objects 
visible, by means of a small glass globule, or convex 


lens, of a short focus. Let EY, plate 8, fig. 6, 


represent the eye; and OB, a small object situated 
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very near to it, consequently the angle of its ap- 
rent magnitude very large. Let the'convex lens, 
8, be inte | between the eye and the object, 
$0 that the distance between it and the object ma 
equal to the focal length, and the rays which 
diverge from the object, and pass ought the lens, 
will afterwards proceed, and consequently enter the 
eye lel: after which they will be converged, 
and form an inverted image on the retina, and the 
object will be clearly seen; though, if removed to the 
distance of six inches, its smallness would render it 


invisible. 


When the lens is not held close to the eye, the 
object is somewhat more magnified; because the 
pencils, which 3296 at a distance from the center of 
the lens, are retracted 'inward towards the axis, and 


2 seem to come from points more remote 


from the center of the object. 


Plate 8, fg. 10, may, perhaps, give the reader a 
still clearer view, why a convex lens increases the 
angle of vision. Without a lens, as F G, the eye 
at A, would see the dart, BC, under the angle bAc; 
but the rays, BF and CG, from the extremities of 


the dart in passing through the lens, are refracted 


to the eye in the directions f A and Ga, which 
causes the dart to be seen under the much larger 
angle DAE, the same as the angle fAg. And 
therefore, the dart, B C, will appear so much mag- 
niſied, as to extend in length ſrom D to E. 

The object, when thus seen distinctly, by means 
of the small lens, appears to be magnified nearly in 
the proportion which the focal distance of the glass 
bears to the distance of the objects, when viewed by 


the naked eye. 


To explain this further, place the eye close to 
the glass, that as much of the object may be seen 
one view as is possible; then remove the object 
backwards and forwards, till it appears perfectly dis- 


- 
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tinct, and well defined; now remove the lens, and 
substitute in its place a thin plate, with a very small 
hole in it, and the object will appear as distinct, 
and as much magmfied, as with the lens, though 
not quite so bright; and it appears as much more 
magnified in this case than it does when viewed 
with the naked eye, as the distance of the object 
from the hole, or lens, is less than the distance at 
which it may be seen distinetly with the naked eye. 

From hence we see, that the whole effect of the 
lens or microscope is to render the object distinet, 
which 1t does by assisting the eye to increase the re- 
fraction of the rays in each pencil; and that the ap- 
parent magnitude is entirely owing to the object 
being seen so much nearer the eye than it could be 
viewed without it. 5 

In other words, a single microscope removes the 
confusion that accompanies objects when seen v 
near the eye, while it leaves the visual angle the 
same. I. It removes the confusion, for the object 
being placed in the ſocus of the lens, the rays emerg- 
ing from thence ane parallel, which you know is 
necessary to distinet vision. 2. The angle is the 
same, for whether the eye touches the glass, or is 
removed a little way from it, it appears under the 
same angle as it would to the eye placed where the 
glass is fixed. 

Single microscopes magnify the diameter of the 
object, as we have already shewn, in the proportion 
of the focal distance (to the limits of distinct vision 
with the naked eye) to eight inches. For example, 
if the semidiameter of a lens, equally convex on 
both sides, be balf an inch, which is also equal to 
its focal distance, we shall have as 3 is to 8, so is 
1 to 16; that is, the diameter of the object in the 
proportion of sixteen to one. As the distance of 
eight inches is always the same, it follows, that b 
how much the focal distance is smaller, there wi 


552 HE SINGLE MICROSCOPE; 


be a greater difference between it and the eight 


inches; and, consequently, the diameter of the 
object will be so much the more, magnified, in 
proportion as the lenses. are segments of smaller 
spheres. 

As the closer the object is to the eye the larger 
it appears, it follows, that a double and equally 
convex lens is preferable to a plano-convex lens, 
because with equal convexities the focal length 
of the former is only half as long as the latter. 


Now, as the double convex consists of two segments 


of a sphere, the more an object is to be magnified, 
the greater must be the convexity, and therefore 
the smaller the sphere, till at last the utmost de- 
gree of magnifying power will require that these 
segments become hemispheres, and consequently the 
lens will be reduced to a perfect spherule, or very 
small sphere. Lt 
Very extraordinary magnifying powers may be 
obtained by means of small spherules, for the focus 
of, parallel rays is only half the radius distant from 
the-spherule; therefore, if the radius of the sphe- 
rule be one-tenth of an inch, the eye will have dis- 
tinct vision of an object by means thereof at the 
distance of a radius and an half, z. e. of an inch, 


which is but the fortieth part of six inches, so that 


the length of an object will be magnified 40 times, 
the surface 1000, and the bulk 04,000, 


or THE PQUBLE, OR COMPOUND MICROSCOPE, 


In the compound microscope, the image is 
viewed instead of the object, which image is mag- 
nified by a single lens, as the object is in a single 
microscope. It consists of an object lens, L N, 
plate 8, fig. 8, and an eye-glass F G. The object, 
OB, is 3 a little further from the lens than 


its principal focal distance, so that the pencils of 
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proceeding from the different points of the 
object through the lens, may converge to their re- 
spective foci, and form an inverted image of the 
object at PQ; which image is viewed by the eye 
through the eye-glass FG, which is so placed, that 
the image may be in its focus on one side, and the 
eye at the same distance on the other. The rays 
of each pencil will be parallel, after passing out of 
the glass, till they reach the eye at E, where they 
will begin to converge by the refractive powers of 
the humours; and after having crossed each other 
in the pupil, and passed through the crystalline and 
vitreous humours, they will be collected in points 
on the retina, and from a large inverted image 
thereon, 

It will be easy, from what has been already ex- 
plained, to understand the reason of the magnifying 
power of a compound microscope. 'The object is 
magnified upon two accounts; first, because if we 
viewed the image with the naked eye, it would ap- 

as much larger than the object, as the image 1s 
really larger than it, or as the distance, f R, is greater 
than the distance fb; and secondly, because this 
picture is again magnified by the eye-glass, F G, 
upon the principle explained in the foregoing article 
on vision by single microscopes. 

But it is to be noted, that the image formed in 
the focus of a lens, as is the case in the compound 
microscope, differs from the real object m a very 
essential particular; that is to say, the light being 
emitted from the object in every direction, renders 
it visible to an eye placed in any position; but the 
points of the image formed by a lens, emitting no 
more than a small conical body of rays, which ar- 
rives from the glass, can be visible only when the 
eye is situated within its confine. Thus the pencil, 
which emanates from O, in the object, and is con- 


verged by the lens to D, proceeds afterwards diverg- 
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ing towards H, and therefore never arrives at the 
lens F G, nor enters the eye at E. But the pencils, 
which proceed from the points o and b, will be re- 
ceived on the lens FG, and by it carried parallel to 
the eye; consequently, the correspondent points of 
the image, QP, will be visible; and those which are 
situated farther out towards H and I, will not be 
seen. This quantity of the image QP, or visible 
area, is called the feld of view. 11 
Hence it appears, that if the image be large, 4 
very small part of it will be visible; because jthe 
pencils of rays will, for the most part, fall without 
the eye-glass FG. And it is hkewise plain, that 
a remedy which would cause the pencils, which pro- 
ceed from the extremes, O and B, of the object, 
to arrive at the eye, will render a greater part of 
it visible; or, in other words, enlarge the field of 
view. This is effected by the interposition of a 
broad lens, DE, of a proper curvature, at a small 
distance from the focal image. For, by that means, 
the pencil ND, which would otherwise have 
ceeded towards H, is refracted to the eye as deline- 
ated in the figure, and the' mind conceives from 
thence the existence of a radiant point at Q, from 
which the rays last proceeded. In like manner, and 
by a parity of reason, the other extreme of the image 
is seen at P, and the intermediate points are also 
rendered visible. On these considerations it is, that 
compound microscopes are usually made to con- 
sist of an object-lens LN, by which the image is 
formed, enlarged, and inverted; an amplifying lens 
DE, by which the field of view is enlarged, and 
an eye-glass or lens, by means of which the eye is 
allowed to approach very near, and, consequently, 
to view the image under a very great angle of ap- 
parent een It is now customary to combine 
two or more lenses together at the eye-glass, in the 
manner of Eustachio Divini and M. Jeblot; by 
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which means, the aberration of light from the figure 
is in some measure corrected, and the apparent field 
increased. | | 


OP THE SOLAR MICROSCOPE. 


In this instrument, the image of the object is 
thrown upon a screen in a darkened room. It may 
be considered under two distinct heads: 1st. 'The 
mirror and lens, which are intended to reflect the - 
light of the sun upon the object; and, 2dly. That 
part which. constitutes the microscope, or which 
produces the magnified image of the object, plate 8, 
fig. 9. Let NO represent the side of a darkened 

amber; G Ha small convex lens, fixed opposite 
to a perforation in the side NO; AB a plane mirror, 
or looking-glass, placed without the room to reflect 
the solar rays a, b, c, &c. on the lens CD, by which 
they are converged and concentrated on the objects 
fixed at EP. | 
2. The object being thus illuminated, the ray 
which proceeds from E, will be converged by the 
lens, G H, to a focus K, on the screen LM; and 
the ray which comes from F, will be converged to I, 
and the intermediate points will be delineated be- 
tween, I and K; thus forming a picture, which will 
be as much larger than the object, in proportion as 
the distance of the screen exceeds that of the image 
from. the object. | 


GENERAL OBSERVATIONS, 


From what has been said, it appears plainly, the 
advantages we gain by microscopes are derived, first, 
from their magnifying power, by which the eye is 
enabled to view more distinctly the parts of minute 
objects: secondly, that by their assistance, more 
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light is thrown into the pupil of the eye, than is 
done without them. The advantages procured by 
the magnilying wer, would be exceedingly cir- 
cumscribed, if they were not accompanied by the 
latter; for, if the same quantity of light is diffused 
over a much larger surface, its force is proportion- 
ably diminished; and therefore the object, though 
magnified, will be dark and obscure. Thus; suppose 
the diameter of the object to be enlarged ten times, 
and consequently the surface one hundred times, 
yet, if the heal distance of the glass was eight 
inches, provided this were possible, and its diameter 
only about the size of the pupil of the eye, the ob- 
ject would appear one hundred times more obscure 
when viewed through the glass, than when it was 
seen by the naked eye; and this even on the sup- 
position, that the glass transmitted all the light 
which fell upon it, which no glass can do. But if 
the glass were only four inches focal distance, and 
its diameter remained as before, the inconvenience 
would be much diminished; because the glass could 
be placed twice as near the object as before, and 
would consequently receive four times as many rays 
as in the former case, and we should therefore see 
it much brighter than before. By going on thus, 
diminishing the focal distance of the glass, and 
keeping its diameter as large as possible, we shall 
perceive the object proportionably magnified, and 
yet remain bright and distinct. Though this is 
the case in theory, yet there is a limit in optical 
instruments, which is soon arrived at, but which 
cannot be passed. This arises from the following 
circumstances.* | fit | 

1. The quantity of light is lost in passing through 
the glass. | | 


Encyclopedia Britannica, vol. viii. p. 5635, 
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2. The diminution in the diameter of the glass or 
lens itself, by which it receives only a small quantity 
of rays. | 

3. The extreme shortness of the focal distance 
of great magnifiers, whereby the free access of the 
light to the object we wish to view is impeded, and 
consequently the reflexion of the light from it is 
weakened. | | 

4. The aberration of the rays, occasioned by their 
different refrangibility. e 
To make this more clear, let us suppose a lens 
made of such dull kind of glass, that it transmits 
only one half the light that falls upon it. It is evi- 
dent, that supposing this lens to be of four inches 
focus, and to magnify the diameter of the object 
twice, and its own breadth equal to that of the 
pupil of the eye, the object will be four times mag- 
nified in surface, but only halfes bright as if it was 
seen by the naked eye at the usual distance; for 
the light which falls upon the eye from the object 
at eight inches distance, and likewise the surface 
of the object in its natural size, being both repre- 
sented by 1, the surface of the magnified object 
will be 4, and the light which makes it visible 
only 2; because, though the glass receives four 
times as much light as the naked eye does at the 
usual distance of distinct vision, yet one half is lost 
in passing through the ou The inconvenience, 
in this respect, can only be removed so far as it is 
possible to increase the 8 of the glass, 
that it may transmit nearly all the rays which fall 
upon it; and how far this can be done, has not been 
yet ascertained. . | 

The second obstacle to the perfection of micros- 
copic glasses, is the small size of great magnifiers; 
by which means, notwithstanding their near approach 
to the object, they receive a smaller quantity of 


— 
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light than might be expected. Thus, suppose 4 
glass of only one-tenth of an inch focal distance, 
such a glass would increase the visible diameter 
eighty times, and the surface 6400 times. If the 
breadth of the glass could at the same time be pre- 
served as great as the pupil of the eye, which we 
shall suppose one-tenth of an inch, the object would 
appear magnified 6400 times, and every part would 
be as bright as it appears to the naked eye. But if 
we suppose the lens to be only zvth of an inch dia- 
meter, it will then only receive one- fourth of the 
light which would otherwise have fallen upon it; 
therefore, instead of communicating to the magni- 
fied object a quantity of light equal to 6400, it 
would communicate an illumination suited only to 
1600, and the magnified object would appear four 
times as dim as it does to the naked eye. This in- 
convenience can, however, be in a great degree re- 
moved, by throwing a much larger quantity of light 
on the object. | 

This third obstacle arises from the shortness of 
the focal distance in large magnifiers; this inconve- 
nience can, like the former, be. remedied in some 
degree by artificial means of accumulating light; 
but still the eye is so strained, as it must be brought 
nearer the glass than it can well bear, which in some 
measure supersedes the use of very deep lenses, or 
— as are capable of magnifying beyond a certain 

* | 7 
he fourth obstacle arises from the different re- 
frangibility of the rays of light, and which frequently 
causes such deviations from truth in the appearance 
of things, that many have imagined themselves to 
have made surprizing discoveries, and have commu- 
_ them as such to > world; when, in fact, 

y have been only optical deceptions, owing to 
the unequal — of the rays. E 
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CONCLUSION. 


Arrzx all that has been said on optics, &c. the ques- 
tion still occurs, What is light? how is it formed? 
and of what substance? These are questions that 
have been canvassed and disputed since the first 
origin of science and philosophy; and numberless 
are the conjectures which at different periods have 
arisen concerning them in the schools of learning. 

Empedocles, one of the earliest philosophers of 
Greece, taught that light was an emanation of cer- 
tain luminous atoms, subtile enough to pervade the 
invisible pores of air, water, and other diaphanous 
bodies. Plato seems to have been, in every mate- 
rial circumstance, of the same opinion; and further 
maintained, that colour is no more than an extremely 
rare and subtile flame, capable of penetrating the 
densest bodies. Empedocles accounted for vision in 
a two-fold way, that it was performed by the effluvia 
which proceed from the object, and by the emission 
of light from the eye, as from a lanthorn. The latter 
opinion is proved by a passage cited by Aristotle; it 
is a beautiful remains of antiquity. I shall give it 
you from Sydenham's translation: 


As when the trav'ller in dark winter's night, 
Intent on journey, kindles up a light, 
The moon-like splendor of an oil-fed flame, 
He sets it in some lantern's horny frame; 
Calm and serene there 8its the tender form, T6 
Screen'd from rough winds, and from the wintry storm. 
In vain rude airs assault the gentle fire, | 
Their forces break, disperse, and they retire; 
Fences secure, tho thin, the fair inclose, 

And her bright head she lifts amidst her foes. 
Thro' the straight pores of the transparent horn, 
She shoots her radiance, mild as early mora. 
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Forth fy the rays; their shining path extents, 
Till lost in the wide air, their less'ning lustre ends. 
So when the fire fresh lighted from on high, | 
Sits in the circling pupil of an eye; 
O'er it, transparent veils of fabric fine 
Spread the thin membrane, and defend the * 
The subtile flame inclosing like a mound, 
Safe from the flood of humours flowing round. 
Forth fly the rays, and their bright paths extend, 
Till, in the wide air lost, their lustres end.“ 


Descartes maintained, that light, as it existed in 
the luminous body, is nothing but a pawer or faculty 

of exciting in us a very clear and vivid sensation; 

and that the invisible pores of lucid bodies are per- 
vaded by a subtile and highly elastic matter, capable 
of being 1mpelled by these bodies, and of producing 
on the organs of vision, when properly formed, the 
perception of light. 

Sir Baac Newton seems to have formed no direct 
opinion on the subject; from what he has said, we 
may conclude, he thought it consisted of solid par- 
ticles. of matter, when explaining more particularly 
the nature of light, he says, that it is refracted and 
reflected by an etherial medium, by the vibrations 
of which it communicates heat to bodies, and is put 
into fits of easy reflexion and transmission. 

In the Peripatetic school, light was considered as 
a substance, neither purely spiritual nor purely cor- 
poreal, and was therefore defined a materia media; 
and indeed, when we contemplate with a philoso- 
phic eye the astonishing effects of bien we find 


* Nor is this reasoning of the ancients to be FR ited, 
for there are various arguments and experiments to prove that the 
seat of sense is not entirely passive in receiving Wer. but 2 
it also directs a ray from itself to every object a | 
action and re-action between objects and the seat of sense is Rr 
vecipracal. A. Wilszon, M. D. Medical Researches. | 
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nd for accounting it of a nature widely 
different from luinpish, gross, inactive matter. That 
light however is material, cannot, as we have already 
shewi you, be disputed with any degree of probabi- 
lity. The materiality not only appears from its being 
propagated in time, but : its not bending into 
shadow. The solar rays are not only capable of 
being collected by a burning-glass, but: when col- 
lected, exhibit marks of a power altogether irresisti- 
ble. If a diamond, the hardest of terrene bodies, 
be placed in the ſocus of a burning- glass; the light 
immediately enters it; tears its parts asunder, divides 
and dissolves it. Here you perceive the lens acting 
upon the light, and the light upon the diamond. 
Since, therefore, light both acts and i is acted upon, 
as ematter;. w&rmust allow, its . cel to be ma- 
terial HET ain itigts vat 
The unparalleled subtilety- of light; hind d im- 
possibility of subjecting it to à chemical analysis, 
render every inquiry into its essence peculiarly ar- 
duous and difficult. Many and various are the 
phenomena which point out the most intimate and 
immediate connexion between fire and light. You 
all know, that those bodies which are heated most 
intensely, are most luminous, and chat the light of 
the sun concentrated by convex glasses, produces a 
degree of heat almost irresistible. Here you per- 
ceive, that E uces light, and light produces 
the most intense heat. If, therefore, the same causes 
produce the same effects, or, inverting the axiom, if 
the same effects x from the same causes, it 
must be inferred. in the present instance, that light 
and fire are either one and the same substance, or 
at least in the immediate chain of cause and effect. 
- The connexion between fire and light is further 
evinced by the well-known effects of the latter on 
most bodies; innumerable experiments shew, that 
there is a certain degree of heat at which bodies be- 
VOL, 11, | N n 
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come as aud that: al-bedids:whichrowdtice 


that heat, without being converted into vapour, may 
universally be ignited. There are even some sub- 
which, though they evaporate my degree 

of heat far below that at which they should 
shine, may, by proper management, be i 
It now, I think, appears, that — to defined 
light “a rare and subtile 3 he came nearer 
* 2 ny later wane) . —— _ 1 
re 2 more convin — 

of the gory — and penetration of chit ancient 
sage, than that after the lapse of so many centuries, 
and the vast made in the science f nature, 
ve are under the necessity of rejeoting the iheaeks 
of the moderns, to receive his long-exploded- dor- 


trine, as most consonant with facts and experiments; 


For, if to the ar „e already used to prove the 
an 


identity of fire and light, it be added, thatlight and 
heat Ades themselves from a center outward, that 
they act in strai 


same laws of reflexion, we can nannte hold our 
assent from the Platonic doctrine. ene 


It may be further observed, that in gendral no 


light is excited until a d ition takes place, 
and the fixed or latent fire begins to be. separated 
from the bodies: light may be therefore considered 
as fire passing through certain strainers well-defined, 
and as existing in a more and simple state, and 
being less 2 W be e e 
ing matter than fire. 
And if you survey the various operations of nature, 
with that attention and accuracy that are neces 
in the prosecution of physical inquiries, I think I 
may venture to assert, that you will not meet with 
a single instance from which it can appear that light 
can be excited without ow concurrence on TR 
Oy [ROY of e. ert 


/ 
, >. =* + 
” - * „ 


wes. 7 — 


t lines, and are subject to the 


cc 


„ 


1 * 
1 : 7 
* 1 my ®. * — - 
. — = = 4 - .v k 9 \ F 
* 1 X B 
, * ; $ a 
. . b 7 
' - F 4a 5 F * nds . " 


8 83345 1 i 
: 


« * : | 0 8 « . S# 
: 4 . 4 by , 
- p 1 " . # | * f R * 1 * * 5 ; x 4 K 1 k 
„ . J dd " : +44 FLOORS +; 14 14 31 
r , . ö 

*. APPENDIX: TO LECTURE XXII. | 
e: rb nadng pt n 1 

- 4 FS l * " , * = . I 

; : CC ©% F Z 24 w % 2 
z , a 1 1 # & 4 4 4 5% 4 FR * 14 
* Mi (444 | A 

4 5 1 ' : . „ . Th 


- — : : . ? 
, ” "4 4 * » * * 
91 8 „ . 1 . 14 Mi“. 
F TIE EDrro n. 
| » £ 2 4. > *© 3 
. r 4 n N g . 
w 3 * SF l 


: A - ry 


CONTAINING A DESCRIPTION OF THE MODERN 


AND MOST IMPROVED ACHROMATIC AND RE. 
_ FLECTING TELESCOPES. Plate gg. 


Oun Author having in Lecture XXII. given the 
theories of the different telescopes in a concise man- 
ner, there appears to me only wanting a further de- 
scription of them, according to the most approved 
mountings. Some knowledge of theit construction 
and management in this respect I shall, therefore, 
endeavour to give to the reader, hereby he may be 


able to ue any telescope in a ready-maner, aud be. 
acquamted with the comparative advantages of the 
| vb) SLA OOLCPSSSI QROT..-303! Dt 
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several kinds. cr AR AR 
According to the principles upon which telescapes 

are now made, they are called refractyrs or rſt 
tors, Of the former, the most perfect is that which 


contains a triple combined object=-glass, and is, às 


our Author has before explained, called uchromatic; 
of which I sball now describe the most simple con- 
strueted. ee een een, een 
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This telescope, or pocket perspective glass, as it 


is sometimes called; takes its name from Galileo, 


from being constructed, after his» invention, with 
only one concave eye-glass and one object-glass; 


the latter glass is now made on the chromatic prin- 


eiplp, cpntaining three glasbes, viz. tuo conven and 


one concave interpòsed. Hs. 1 represents one of 
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the completest kind, mounted on its brass pillar and 


feet, which are so contrived, as to fold together and 


go within the inner tube of the telescope, and, when 


shut up, to form but one compact tube. This tube is 


. 


of brass, and when the inner tube, &c. is shut in, is 


about five inches in length, and 14 inches in dia- 


meter. To use this instrument, the following parti- 
culars must be obseryed: draw the interior sliding 
tube, B, quite out of the exteryal one, A; from the 


inner tube unscrew and draw out the pillar and feet, 


shewn at D; open the feet, screw off the pillar and, 

On the other side, screw it again to the piece: place 
. the elevated piece at the top of. the pi | 
the doverail fixed to the tube at 2; and then the te- 


* 


lar, C, into 


Jescope is mounted ready for use. 
| 97 p< Minen ese Nie js 
A steel screw is fixed into the bottom of the pillar, 
to fix the telescope by to a gate or trunk of a tree, 
&c, where there may not be room sufficient for the 


feet. In the circular eye-piece, E, are placed four con- 


cave eye-glasses of different concavities, to produce 


/ - 413% oils LI! ie eee 
four different magnifying 1 and are used ac- 
0 


e ee the object. The glasses 
ei 


easily brought to the center hole of the eye- 


engraved figure at an hole made on one fide: No, 1 
l ; . 22 2 8 n. 
produces the least power, and No. 4, the greatest. 
There are four circular marks upon the inner tube, 
B, marked with numbers corresponding to those of 
the eye- glasses. To one of these marks the tube 


may be eee set, agreeable to the number of 


the eye- glass, and a very little motion of the tube 


aſterwards will. be. necessary to adjust e e che 
to any ee. Different eyes will not be suited at the 
ame mark precisely; the observer therefore should 
in this, as. in all other telescopes, move the tube in or 
out slowly, while locking through it, till the pbjest 
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being fixed in an internal moveable wheel, any one 
piece by the application of a finger to the edge of 
the wheel. , The number of the glass own oy an 
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most distinct. Different distanoes of the 
object to the same eye will also require a different 
ion from the mark. A nice motion or adjust- 


ment may be had, by unscrewing the front part at 5; 


but in this case it is supposed, that the tube is not 
sufficiently drawn out, the observer having first 
intentionally left this deficiency. A cell for contain- 
ing a dark- coloured glass, for screening the eye 
when viewing the sun, is placed within the eye- 
piece, and is brought before the e- glasses BY 


pushing a pin projecting at the edge at c. 


The magnifying powers by the different eye- 
glasses are 6, 12, 18, and 28 times; by the — 
power, the satellites of the planet e and the 


1 of Saturn may be seen. 
pocket telescopes are more frequently — 


3 — and with only one or two eye- 
glasses; in which: ne they are sold at less ex- 
8e. 


when applied to terrestrial objects, is its confined 
field of view, the cause of which has been explained 


in Lecture XXII. It is of much advantage, as well 


as pleasure to the observer, to command an extent 


of view, when looking at an extensive landscape, &c. 


To afford which, pocket achromatie telescopes, with 
an improved system of four convex eye- glasses, have 
of late years been constructed, and generally adopted; 
they have undergone various degrees of improve- 
ments in the mounting, &c. and the following i Th 
of the best << most ene kind. i 

to 37 4 
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000 
and mounted on its portable brass stand, complete 
and ready for use, is represented at ig 2. The 


sliding — are made of thin drawn brass, as com. 


The only inconvenience of Galileo 8 en 8 
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_ pleted 'by- the late Mr. Martin, and, when shut a 

contained in a 5, tortoiseshell, &. my 
These tubes are not, like those of vellum and 
formerly made, subject to wear and irregularit 


amy; if 


well -made; they slide easily and pleasantly: they 


pass through . thin — springs, that are 
sorewed at their ends, a, a, u, by which means they 
may at any time be taken out to be eleaned, &e. 
The four convex eye- glasses are contained in the 
smallest tube A, and are of such foci and diameters 
as to produce a large field of view. By sere wing off 
this smallest tube at a, and sliding out two inner 
tubes containing at ench end a glass, the glasses may 


be taken out, and thus cail cleaned,” when neces- 


To view the sun, a dark is sometimes 


fixed in n moveable bras «crew cell, fixed ut 1hb che. 


end of the smallest tube A. 


The telescope, when shut, iv nearly the length of 
the external wooden tube B. In using' it, nothin 


more is necessary, than with the left Hand on the 


tube'B, and the right at the head of A, at one gen- 

tle pull to draw out the whole number of tubes to 
their utmost extent, as they arc then stopped by the 
action of the springs against the shoulders at the 
ends of the tubes. Thus, an instantaneous view of 
any object suddenly presenting itself, is obtained, 
While you are looking through the telescopr; the 
smallest tube, A, is the one to be pusbed in slowly, 
till l most distinct Me r e wt the ern is 

od We 7 

e The portable dials is clamped wo the largest of 
the sliding tubes by a screw at the rim c. The joint 
underneath admits of its motion either in a vertioal 
or horizontal direction. When the stand is de- 
tached from the telescope, the 47 4, is to be 
screwed on the Cates ice part of che piece, where it is 
in the figure represented as screwed to; the legs 
feen denn upon it, and it then will go into a cas 
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hon No. 5 and 6. To which are sometimes 
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no longer than one for. the telescope itself, with its 
tubes shut in. Thus together forming a very con- 
— 2 leacope-and dad for the. pocket . 

: Fo — hs uhekilled in the management ** ag 
lescope for viewing any particular terrestrial object, 
or a planet or: celestial body, a grand i 7 _— 
and indispensable appendage. 

These telescopes are made by us of ee 
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and diameters, the annexed cable will give the reader 


a more d idea of ar SAL donner, &. 


* * 'þ of 


Aperture of Magnifying | 
he nu of power in di Weight, 
jobject-glare, | rns about 


* i 


J Times 6 Oz. 

|| 25 ditto - | 8 ditto. 
28 ditto | 12 ditto 
1 35 ditto | 16 ditto 
| 45 ditto 30 ditto 
LOOP: | 50 ditto 


* — ; 10 ditto | 


— boos wits; are most . to the 
adapted 
one or more extra eye- pieces, with two glasses of 
shorter foci to fit into the eye- end of the tube A, 
in room of the one contained therein, in order to 


increase the maguifying power for terrestrial objects, 


when the atmosphere is extraordinary bright and 
clear, A shorter eye-tube with two eye- glasses, 


called the astronomicul eye-piece, is also occasionally 
made to screw to the second brass tube, in room 
of the tube containing all the day eye· glasses, for 
viewing the — by _ It inverts the ap- 
pearance, which in celestial objects is of no inoon- 
venience, and gives a greater power and more light 
than a tube containing four eye-glasses only to shew 
objects erect. The tubes of the telescopes: No. 1 to 
5, are very often made of copper plated with silver, 
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the rims, | milled; edges, and RI cell of 
silver; this gives them an elegant a nce, and 
as the tubes slide through cloth, they d 
are more pleasant to the hands, and, in foreigi hot 


climates, less liable to cbrrosion and a disagreeable | 


ie liners! animals aw RUSH 107 qty 


be telescopes and stats are either packed — 


round pocket fish-skin, or man — Were neat. 


ee n FA n AI h ono tt] 
8181 $4 IVEY WL "14 13.403 Bo! 2 inn > 1113 
THE ACHROMATIC Ennew6b#\ vrrn Rex. wor 
CCA e 


It is of much importance in a gpod ene 
telescope, to have the number of tubes the least 
possible, for the eye-glasses will in that way have a 
perſect and stead . while adjusting to dif- 
ferent * and be also more consistent with the 
objeot-glass. In changing the direction of the te- 
— accurately from object to object by day, 
and also following the apparent motion of a celestial 
object by night, stands with rack-work motions are 
escentially necessary. The mode of adjustment to 
different eyes is r *. by a contrivance of rack- 
work and pinion. * Ji 647-1 

Fig. 3 is a Agate of 3 — a 


| telescope with all these advantages, and is presumed 
to be the most convenient and best of any bitherto 


made. The tube, A, is commonly made either 
about 2 or 33 feet in length, from which it is ge- 
nerally called the 25; or 34 feet refractor. This tube 
is made either of mahogany or brass, but the latter 
in hot climates is — Wichin this tube 
moves an adjusting racked tube g, which is moved 
inwards or outwards by a pinion turned by the 
milled brass nut 7. There is a long inner brass tube 
e, containing the four convex eye- glasses used by day, 
or for terrestrial objects; this tube is first drawn out 


not serateh/ 


hs ad. ads Alas Pays” 7 pw 


WITH KAOK-WORK MOTIONS. | 569, 


to a circular mark made thereon, and then, while, 
you are locking through the telescope, a well de- 
—— appearance of the object is obtained by turn- 
the milled nut, /, with your hand to the ks or 
t, as may be necessary. The telescope may have a 
vertical or horizontal motion given to it by the joint- 
work at D; and to produce this in an accurate de- 
gree, the rack B, for the yertieal motion, must be 
connected to the tube by the projecting piece and 
pin, a, for that purpose. The rack- work for the ho- 
rizontal motion is applied by pushing to the bottom 
of the pillar the lever c, and applying the handle, C, 
with Hooke's universal brass joint; so that by the 
leſt hand taking hold of this handle C, and the right 
the ivory key at h, the changes of motiom of the te- 
lescope, both vertically and borizontally, are pro- 
duced very readily, and at the same time. By pulling 
back the lever £, it disengages the pinion. from the 
rack, and a quick [TEEXS. motion domes thus OCca- 
sionally be given. 

A cell with a dark glass, or view g the 72 is 
fitted to the screw-ring on the _ | 
tube with two eye-glasses, to increase the 8 
power when the atmosphere is very t, 18 fil 
to the end 4, to be applied instead of one already 
placed there, and which may be readily pulled out 
by only first unscrewing the ring at 4. | 

The astronomical eye: piece, fig. 5, for celestial ob- 
jects, is to be screwed to the tube 2, instead of the 
tube containing all the day eye- glasses, which is to be 
screwed off just beyond the circular mark usually 
made on the tube, as the distance ney, drawn 1 
is to be drawn out for terrestrial objects. With this 
eye-piece, | the tube, c, is first to be set to the -& i 
and the eee adjusted to che We by. tuning the 

milled nut 7. 1 

In the 25 feet ielesoopes,, the powers by the erect- 
ing Wache for. terrestrial objects, are, 45 and. 55 


enen ene 


times; by the astronomical e 75 times The 
whole instrument with its stand ſold together, and 
pack into a portable mahogany case? 
cons powers of the 34 ſeet telezoope, (ich: the Fi 
eye· pieces, art 60 and 70 times, and en RI: 
normeal tube, 110 times. C138 ng 
These tel for use _ ths neſt to 
de recommended. The field of view, and bright - 
ness of the object shewn by them, are great and 
pleasant. Their powers, from the} nature of the 
glass, are unavoidably limited, and the present im- 
purities of White flint glass, of which the concave, 
that is placed between the two crown-glass convex 
ones, is made, is a farther diminution; It is by re- 
flecting telegcopes windy that we can * ee 
my and great powers. | 
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A reflecting telescope upon the Gregorian con- 
struction is le to any other, when it is to be 
used generally for terrestrial objects, rages array =, 
for celestial, by shewing the objects erect. ' The 
2 of refractors, as I have just observed, are na- 
Iimited; but those of reflectors are of consi- 

— extent, and may with some advantage be 
extended to 5 or 6000 times, as verified by the very 
—_— and discoveries of Dr. Herschel. But 
' It is not by the use of great powers that important 
discoveries —— arisen; it is by the more consider- 
able light from the largeness of their 
N that — and useful observations of 
e heavens are made. Suppose two large reflectors 
. equal lengths and powers, but different apertures, 
the larger will render visthle to the 2 more 
stars, with equal definition and more b 
than the smaller. The great i . — — — 
tage therefore of ha beet model reflectors consist in 
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waking t perfect one of the largest posible aper- 
rare, with the least lengeh; and thisWe are pod, in 


the constant practice” of performing” A reflecting 
telescope of seven feet in length, or seven feet 
ſocus of the great metallic specufum, and 6k inches 


diameter, made in the time of Sir Bauart Netotbn, 


we now make of only twentyrsix inches in focus, 


and of the same diameter; which, with the assistäntk 


of an improved composition of the materials for 
the speculums, are capable” of much greater” maghi- 
| ſying powers. 


the best reflecting telescopes in his time, for a four 
feet size telescope, or 36 inches focus of the great 
e had no 5 more than 6, 5 inches aperture. | 


| or THE IMPROVED GREGORIAN REFLECTING- 
TELESCOPE, fig. 5. 


Tie 5 is a bepresentüBf of a Seger reflect- 
10. telescope upon the improved method of mount- 


ing, with rack work motions, &c. all of brass. It is 


made of various ths and apertures, and for the 
purposes of being portable, or being moved about 
in a convenient manner, is the most to be recom- 
mended of any other kind. 

When the Wie er eelborope; AB, is two ſcet in 
I h, the diameter of the aperture, or great 
— is generally four inches; when of three Wein 
length, the aperture is five inches. In using this teles- 
cope the following directions are to be observed. 

The tube AB, when taken out of its packing=-- 
ease, to be placed on its two bar rests, one of Which 
is shewn at CD, and made fast thereto by the fbur 
nut screws, two of which are also shewn at CD. 
E is a sliding brass tube, to be connected to the ob- 
jeet- end of the telescope by a pin at a, and 1 
of the base of the pillar by a dovetail piece at 5. 


The late ingots Mr. Me Short, who made 


Te of 5 . during à nice obse 


front of each 0 
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serves as a steadying tube, to prevent the vibration 


rvation; c is a brass 

box, containing an endless screw, that acts 

8 cut in the semicircular arch F. This 

ay is acted-upon, by. a spring underneath to keep it, 
when, packed up, close to the arch. An handle G, 


with an Hooke's universal joint, is fitted to the pi- 


nion, and when turned serves to produce an ac- 


curate and steady vertical motion of the telescope 


during an observation. There is also another spring 

box at H, with an endless screw acting into a ratchet 

wheel at the. top of the pillar, which, by the assist- 

ance of the handle, IL, and universal joint, will 8 
an accurate horizontal motion. In 

ing the apparent motion of the heavenly bodies, — 


well as terrestrial objects, these motions are of very 


considerable use. When a large motion at once of 
the telescope is wanted, the spring boxes may be 
ushed off from action in a ready manner, as they 
t caye the tube guite tree. on its axis; this is a lon 
axis fixed to the base H, and goes down * 
the pillar, and is kept steady by a WTO and serves 
to keep the tube 5 aach. work en e 
steady while i in motion. ns 
The telescope 1 to different eyes, or dis- 
tances of objects, while you are looking though it, 


by turning the long screw rod at the side, at K, to 


the right band or left hand, as may be n 

There are two small metallic speculums, Fg. 6, and 
three to the larger telescopes, that. are fitted by a 
doyetail slider, at.a,. to the inside of the e | 
of the tube; and also two eee es es, Jig. 7, con- 
ning the eye-glasses that. are to * screwed in the 
ont. end of. the. telescope, all of which are for. pro- 
ueing various magnifying powers, according to the, * 
1 of the atmosphere or object to be observed. 
here is a dark glass fixed in a cell, screwed to the 
Fh these eye- pieces, which, being 1 ing 


* 
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tended to sorten the eyes from the sun, must be 
first screwed off, when that luminary is not to be 
viewed. Lis a mall glass telescope fixed and ad- 
justed to the side of the telescope tube, called 
4 fitter. It contains two wires, crossed at right an- 
les to each other in the focus of the first ee. 
and is useful for bringing any object readily. into 
the field of view of the telescope, when great powers 
are used. For, by only first observing that the 
object is against the intersection of these wires in 
the finder, you will be certain of seeing it in the 
field of the telescope. The telescopes of about two 
and three feet in; — gth, being of the lengths most 
generally made, 1 bal e insert . et mage 
milying Lt each. | ONT 
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Fron, of es [Two Feet, Four-Inch Aperture. F 
The 2 17 8 g. 7. used with the largest of | 


the two small speculums, Fe. 6 ee 60 Times 
The shortest eye· piece with the same speculum TY . 100 ditto. 
Tue longest eye piece with the smallest speculum . . . 140 ditto 
The shortest eye · piece with the same speculum -- 200 ditto 
| Powers of the Three Feet, Five-Inch Aperture. 7 
The longest eye- piece with the largest of the thre ts 

small speculumnn ss e $16 60 Times 

The shortest eye · piece with the same speculum «++ «+» 90 ditto, 
Longest eye-piece with the middle size speculum .... . 120: ditto. 
Shortest eye-piece. with the same speculum .... . 180 ditto 
Longest eye-piece with the smallest speculum .......... . 220 ditto 


ane the same s We- e OTE 


The * must 1 that the light i in. this 
telescope, with the power of 60 times, exceeds. the 
light of the former with the same power, in the pro- 
portion of the squares of the diameters of the e 
tures of the tubes, or as 25 to 10. GY 
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By m. d composition of e materials of 
de * wel as a more perfect method of 
figuting them, we can make the tubes of — 
shorter! lengths than ſormerly to the samt 
or enlarge the apertures to the same lengths. hose 
of two feet we commonly reduce to nineteen inches, 
and those of three feet to thirty-one inches. 0 

The only objection to be ce against the 
Ketinp x Pines is their ability to tarnish in 
an ntinibophere contiguous to wn sea; but this; to an 
— and careful my is of no weis ight, It is 

a practice, and should always be so irh him, not 
to expose the metals My " ubid weather, aud al- 
ways carefully to close up the instrument when done 
with. From such precautions, no turnish of any bad 
consequence can ever injure the mirrors. In the 
larger telescopes, for better security, the great spe- 
culum is contrived to be moveable from the tube, and 
shut up into a close- made brass box. 

Heng telescopes, of greater lengths than three 
or four feet, we haye found to be too weighty for 
such a rack work ſor a vertical motion, as - RE at 
F, fig. 5. We have constructed a four feet re- 
flector, with a new contrivance for the vertical mo- 
tion, consisting of a dovetail slider and piece placed 
near the object-end, B, of the tube, a long rod 


connected to the ider, going to the front at the, 


under side of the tube; and two steady bars from 
the base, at , to the dovetail slider. The rod 
being turned by an endless screw, acts upon the 
dovetail slider and steady bars, and produces a 
very accurate and steady motion from the horizon 
very near to the zenith, or to about 88". The stand 

is framed of brass, with portable folding mahogany 
2 and two of them being raised up occasionally, 
with wedges at their feet, will admit the telescope 


to be elevated to the zenith. For further particu- 


lars I must refer the reader to our printed descrip- 


* 0 


on 
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on the part of the stand. 
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tm: nity atrompanying the instrument. Upon 
this principle, a telescope to the length of seven or 
eight feet may be mounted, with only some en 


Reflectors of still - dirwhivions;- as con- 


_ 8tructed: by the celebrated Dr. Herschel, require a 


fabrication of wooden machinery quite different 
from any herein described, and also external de- 
tached premises upon the open ground. The reader 
will obtain an idea of bis very curious and elabo-. 


rate machinery, as applied to his forty. feet reflector, 
by referring to the ical Transactions for the 


year 1795. 

The portable. reflecting telescope has been used 
occasionally for exhibiting a perfect image of the 
sun during an eclipse or transit. It requires only 
the darkening of the room, and an hole cut in the 
2 about the size of the aperture of the teles- 

„the telescope so placed as to admit the sun's 
. direbtly through it, and a white paper or screen 
placed a few feet from it in a direction perpendicular 


to the tube. By Lage the adjusting screw or rod 
on the side, a v defined and beautiful re- 


entation of the sun will be exhibited on the 
paper, with all the spots, if any, in their true posi- 
tions. The eye-pieces are to be screwed on em 
the dark glasses. 

Jo either the achromatic or reflecting ben 
apparatuses are occasionally applied to produce an 
equatoreal motion, to shew the altitudes, azimuths, 
right ascension, &c. &c. of the heavenly bodies at 
the time of observation, either by day or night. 


2 a micrometer, or an instrument to measure t 


ngular distances of objects, while appearing in the 
field of view of the telescope, or the diameters of 
x 4 sun, moon, &c. It is sometimes made of a fine 
slip of pearl, with divisions from 100 to 500th 
part of an inch cut upon it, and placed 1 in the focus 
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bisestec, and their motion ahewing a — 2 
N the image, indicated by a brass micrometer ct 
5 and scale placed on the outside 
— _ — object glass has been applied to the ä 
object end of the telescope, to act in a similar 
manner to the biseeted eye · glass above-mentioned; 
and alse a bisected small speculum, with a complex 
eonstruotion of frame- has been applied to the 
object-end of reflecting 4cles0opes; but neither of 
these methods, in my opinion, are to be preferred to 
8 the on: others before nen 46 Ns mu 
simple. 3 807 


; j - ; 7 7 


| 192 £590 di S,! gnuofts Trot: 
| NJ 10 N aner debe, : LB 
| ' 11 0 egi ne vqnafeth -561- 
| {This instrament consists ef 4 telesoope of- any 
l! convenient length and aperture, fixed at right angles 
to an axis horizontally placed, which is so adjusted 
as to cause the telescope to move only and truly in 
the plane of the meridian of the plane, or other 
vertical circle, . passing through the pole and zenith 
| 5 daily. Its principal use is to ascertain- the rate or 
going of a watch or clock, and to give the right as- 
& censions of the heavenly bodies observed, by ob- 
8erving the time of their passing over the wires. hed 
| 
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3 in the focus of the eye- glasses of the telescope. 

ES Fig. 7 is a representation of ond o | portable and 

| useful form; the telescope is about twenty inches in 

length, and the axis twelve inches. The dimen- 

sions of both these are occasonall varied according 

* to the place whereon it is to be 1 and the pur- 
Þ gong of the chene, 
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